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Foreword 


This series is dedicated to Electrical 
Progress — to all who have helped and 
those who may in the coming years help 
to bring further under human contrcrf 
aiKl service to humanity this mighty 
force of the Creator. 

The Electrical Age has opened 
problems to all connected with mo<tem 
industry, making a thorough working 
knowledge of the fundamental inind- 
ples of applied electricity necessary. 

The author, following the popular appeal for practical 
knowledge, has prepared this progressive series for the electrical 
worker and student; for all who are seekir^ electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 

Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instruction and explanation, 
the reader can easily gain a thorough knowledge of modem 
dectrical practice in line with the best information and experi- 
ence. 

The author and publidiers here gratefully acknowledge the 
hearty and generous help and co-operation of all those who have 
aided in developing this helpful series, of rEducaU^.. 

The series will speak for itself and “those^holiM m%^read.” 

The Publishers. 
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How to Use This Book 


Finder 



IMPORTANT 


To quickly and easily find information on any subject, read 
orer the general chapter headings as shown in the large type — 
this brings the reader’s attention to the general classification of 
information in this book. 

Each chapter is progressive, so that if the reader will use the 
outline foilowing each general chapter heading, he wili rcmdily 
come to the information desired and the page on which to 
find it. 

Get the habit of using this Index — ^it will quickly reveal s 
vast mine of valuable information. 

**An hour with a hook would have brought to your mind^ 

The secret that took the whole year to find; 

The facts that you learned at enormous expense, 

Were all on a library shelf to commence.** 
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CHAPTER 77 


Relays 


By definition a relay is a device which opens or closes an 
auxiiliary drcuit under pre-determined electrical conditions in ike 
main circuit. 

The object of a relay is generally to act as a sort of elec- 
trical multiplier, that is to say, it enables a comparatively weak 
current to bring into operation a much stronger current. 

The usual purpose of a rday is to assist in disconnecting that part of an 
electrical system, in which a foult has occurred, from the restof thesystemt 
with the least possible delay; and to limit such disconnecting to that part 
of the system that is in trouble. Rekiys, however, are used for other por- 
poM, such as for signaling; for controlling the operating current of sole^ 
noids, motors, etc., and thus redudt^ the amount of current to be broken 
by the control switch and the size of leads run to the switchboard; for bell 
alarm or Itunp indication of the automatic operati<»i of oil switdies or dr- 
cuit breakers; and for electrically interlocking switches or circuit breakers. 


In the development of relays to meet the various require- 
ments of protection for the circuits and apparatus, there tue a 
number of iMX>tection principles upon which their design de- 
pends. The advantages and disadvantages of these various 
principles can be studied, and their particular fields of applica- 
tion defined. These fuiiKdples are: 


1. Over current 

2. Inviosetime 

3. Definite time 

4. Direcdcmal 


5. Differential 

6. Ground (h: readual 

7. Over current with imder voltage 

8. Thermal 
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Over Current. — ^The simplest iMTotective prirndple is that 
which uses a so called instantaneous over current to distinguish 
between normal and abnormal conditions.* 

An example of over current principles is the ordinary series trip coil when 
used without a time device. Since transient excess current must ^ con- 
sidered as normal, it is necessary to make the protective scheme inoperative 
under these transient conditions. This can be done only by increasing the 
current setting so as to be out of range of the normal transients; hence 
schemes involving this principle will never be sensitive to small over 
currents. 

With regard to selectivity, schemes working on this principle will be 
effective under two conditions. Firs/, in cases where the main supply divides 
into a large number of radial feeds and the fault current on one of the radial 
feeds is less than the minimum permissible setting of the main supply. The 
protective device on the main supply can then be set high enou^ to be 
inoperative for a fault on one of the radial feeds, and thus service will not be 
interrupted except in the faulty section. This is usually the case when dis- 
tribution feeders radiate from a substation bus. Second, in cases where 
there are several parallel feeds, and current flows to the fault in one through 
all the others; if there be a sufficiently large number of parallel feeds, so that 
the maximum current due to a fault in one, when divided among the others, 
will be lower than the minimum setting of the protective device on all 
feeders except the faulty one. This condition is rarely encountered. 


Inverse Time. — The time of operation of relays operating 
on this principle varies approximately inversely with the 


Figs. 4.195 and 4,196 . — FcjU OnUinued* 

in the disc as they pass under the electromagnet is such that the additional torque required 
as the spring winds up is provided, thus making the starting current uniform for all initial 
positions of the disc. In reality the relay requires slightly more current to cloee the contacts 
than is required to start the disc in motion from the initial extreme position . This serves to 
pnveat the disc creeping on fluctuating loads, where there are frequent peaks above the relay 
setting. This feature is an important advantage of the present type of indpcticn relay. 


'^NOTE. — Norma/ conditiona include conditions not only up to the allowable continuous 
over current, but also transient conditions, which, although involving current values greatly 
in eiseess of normal, are not of sulhdently long duration to have harmful effects. This defi< 
nition includes as normal such currents as motor starting current, the rush of current when 
a transfonner or long line it first energised, and synchronising current when machinee are 
perallehNl* 
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magnitude of the current. This permits lower current settini^, 
tiius givii^ increased sensitivity. 

Under abnormal conditions, if a fault i»xxiuce a slight over current for a 
long enough time or a large enough over current for a ^xnt time, tl*e pro- 
tective device operates. 



Definite Time . — h third protective principle whidi is of 
great vali^ is the definite time over current. This prindi^ ^ 
usually used in combination with the preceding one to give 
the familiar inverse definite minimum time relay. . 

Protective devices operating on this principle have inverse tiiyto. charac- 
teristics up to a certain value of current, while at all higher values 
operate in a certain definite minimum time. Such schemes are nmamj 


pr^ispia 








ac.Tnpco/1 


Incoming Lmes 

Fig. 4,ld8. — ^Wartingliouae induction type directional relays protecting two incoming lines and 
indiictton owerloed relays arranged to open both breakers in case of trouble on the bus bars. 

DMTerentiid. — In any section of a system the current flowing 
into the section most equal that flowing out so long as the section 

" *NOTE.~l>lrecflon of turrmnt in an ax, system means the ottor relationship Mniesn 
woUage and emrent. Hence, to apply the reverse current principle, voltage must be intro- 
duced as the base of refemtce. It has been suggested to use as a reference a current whose 
directioo is hxed, such as the fault current in a ground neutral. This scheme is not used very 
catePsively, voltage is ordiilarUy the standard reference. Since under abnormal conditions 
the voltage may faU to a very low value, it is neoemary to make the directional element very 
sensitive- 
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Oragr 

Ma9net 


-Drivinq Magnet 


Figs. 4.199 and 4.200. 
— ^Viewii showing con 
structiOD of General 
Electric induction 
sin^e element dlffo 
erential relay. 




|1 


^ NOTE . — There ar§ turn 

(losses of direei tonal 
relayo: the ordinary or 
uni-directionol and the 
duo-directional . The uni- 
Disk directional relays are in- 
tended to be installed 
Drag ^ separate feeder, 

Magnet whereas the duo-direc- 
tional relay is to be con- 
nected between a pair of 
incoming lines at the 
substation end . The cur- 
rent transformers on the 
two lines are cross con- 
nected, so that the 
relay will trip whichever line is carrying the greater current away from the bus bars. The 
advantage of this arrangement over the use of the uni-directional relays is that one set of 
duo-directional relays coats less than two sets of the ordinary type. However, part of this 
advantage is lost because of the extra trouble and expense of making the crocs connection. 
The duo-directional relay has been used on tie lines between generating staticHis where 
the balanced feature was important, but the selective differential relay is more suitable 
for this purpose. The duo-direcrional relay and the cross-connected scheme is not recom- 
mended for ordinary application. This relay is an excess current relay element, with its 
contacts in series with those of a selective watt meter; or directional element. The excess 
current elenwnt closes its contacts on excessive current in either direction, but the contacts 
of the selective watt meter element remain open as long as power flows into the station. Bach 
relay has three separate adjustments: 1, the current at which it will operate; 2, the time in 
which it will operate, and 3, the direction in which the power must flow to operate it. It 
should always be connected to the circuit in such a way that it will trip its circuit bmkier 
when the power is flowing away from the bus bars. The term ^'reverse power relay** ia saoBa^ 
what misl^ini^ while "directional relay” is nearer correct and preferred. 
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has no electrical fault within itself. The device for detecting 
abnormal conditions is arranged to balance die normal input 
current or power against the normal output; it operates when 
any abncamal condition such as a short circuit or ground i)ro< 
duces an unbalance. 

The transient current of transformers* or the power loss within the sec* 
tbn* acts in the same way as a fault* but of course to a much lesser degree; 
and tbsBe normal unbalances can be taken care of by the relay setting. A 


A.C. BUSES 



Fic. 4,2(^. — Wiring diagram showing application of General Electric inductioo diffarSntlil 
R^y for protection against phase nnlMlance of a three phase line. 

protective sdieme operating on this principle and applied to each individual 
laece of apparatus or section of the line, therefore disconnects the &ulty 
section* but is inoperative under normal conditions and when faults occur in 
other sections of the system . It does not detect faults that draw no current 
(such as an open circuit* or a ground on an ungrounded system) and it must 
1^ set high enough to be inoperative on power losses or charging current 
within the section at abnorm^ current values caused by external faults. 

Difficulties arise in the practical application of this scheme, because quite 
often current transformers must be able to maintain a balance all the way 
from partial load to perhaps twenty times full load. Trouble is also caused 
by tmequal burdens placed on the current transformers by the leads and 
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other ioads, and by improper impedance of the relay used to detect an 
unbalance. 


Ground or Residual. — In numerous cases it is possible to use 
the magnitude of the ground current present in a system, as 
an indication of the presence or absence of abnormal conditions 


Adjustabk Contacts 


Operation-^ 
Indicator 

Contactor} 
Sw/ic/t 

extra 
Contact' 
{Middle) 

Laminatm 



Bell Alarm Terminal 


Flexible Connections 
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Fig* 4,206. — ^Internal connections of Westinghouse selective differential current relay. Tliie 
relay is intended for short circuit and ground protection of parallel lines. It operates qo 
current alone, it Ires two overload elements acting upon a common disc thrav^ a € 0 ID« 
mon magnetic circuit. Each element is connected separately to its own current transfonnsr 
in ocsrresponding phases of two balanced lines. The two elements are electrically opposed 
and under a condition of balanced line loads the fluxes in the magnetic circuit of the relay 
are equal and opposite giving a resultant aero torque on the relay disc. Under these con- 
ditions the disc which carries the moving contact is held in a middle position by the oontzOl 
springs. These springs are initially restrained in the aero position which prevents the disc 
mMptg any movement until a predetermined current unbalance exists between the 
two lines. Under the proper conditions of current unbalance, the disc osa lotate fffF in 
either direction from aero and make contact on either aide. Thus the moving contact acta 
as a pole double throw switch in the trip circuits of the circuit breakers of the two 
balanced hnes, and will trip out the circuit breaker on the line carrying the heavier load. 
This action is the same reganUess of the tdative directions of the currents in the two Haas. 
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on the system. With systems normally grounded at one point 
only, the existence of a current to ground is an indication of 
an abnormal condition. 

This ground current may be detected directly, or as the difference from 
zero of the vectorial sum of the line currents at any point (this current is 
called the ''residual current”). Complete protection is never obtained in 
this way, since these schemes are not sensitive to short circuits between 


Over Current with Under Voltage. — According to this priit 



Fig. 4,207. — Westinghousc selective differential relays applied to four parallel feeders. Only 
one phase is shown. The arrows indicate instantaneous directions of the current under 
normal line conditions. 


ciple, when there are short circuit conditions, the voltage at 
points close to the fault is very low when the current is very high, 
while the voltage is progressively higher and the current is sub- 
stantially the same at points nearer the generating station. The 
protective device using this principle is essentially an over 
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Pio. 4,206. — ^Diagram of internal conrections of Westinghouse thermal overload relay, 60 
cycle. The active element in the reuy is made up of bimetallic springs which are con- 
nected either by means of suitable shunts or current transformers so as to receive a current 
proportional to the load current . The inner end of each spiral spring ii fastened to a oom- 
mon shaft whicb is pivoted at each end. Due to the heating effect of the current as it flows 
through the bimetal springs a deflection results which causes the shaft to rotate. Near 
the top of the shaft is mounted an indicatmg dial carrying tlie moving contact. The sta- 
tionaiy contact is mounted on the upper indicating dial. The position of this dial and 
contact can changed by moving the time lever on top of the care of the thermal element 
and in this way it is possible to adjust the time of operation of the relay with a given current, 
flowing throuih the bimetal springs. A glass window in the case makes it possible tp see 
the dials for setting the position of the stationary contact, and observing the temperature 
indication of the lowet dial. The position of the lower dial and the moving contact is da* 
pendent upon the temperature of the bimetal springs, while the portion of the upper dial 
and stationary contact is determined by the setting of the time lever. The dials are divided 
into dght equal parts. The numbers 0 to 8 are arbitrary markings and are used for xeler- 
enoe in setting t& time delay. The trip circuit of the relay » dosed when the sa m e num- 
bers on both dials are approximately in line. For exampU^ in case of a circuit closing relay 
whose contacts are normally open, if number 7 of the upper dial be placed under the hair 
line of tbe glass window the contacts will close when number 7 of the lower dial cotppt under 
the hair line. The relative position of the two dials, therefore, determines the time delay 
baforo the trip circuit is operated lor e definite load condition. 
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current inverse time device in which the time setting is auto- 
matically adjusted to be proportional to the voltage, so that 
the lower the voltage the lower is the time setting. Therefore, 
the ends of the faulty section nearest the short circuit clear 
in the minimum time, while the time settings at all other 
points on the system automatically assume higher values. 
This principle is usually combined with the directional prindide. 


Thermal. — Relays acting on this principle depend not on the 
value or duration of the current, but on the rise of temperature 
due to an abnormal condition. 

The thermal principle does not give complete protection, but 
must be combined with short circuit protection. 

Classification of Reiays. — In all electrical installations pro- 
tection of apparatus is important, but in scnne' large central 
stations this is secondary to continuity of service. 

To combine maximum protection without interruptions of service is not 
always possible, but these requirements can be approximated very dosely 
by the use of reliable and simple controlling or protecting devices if proper 
care be taken to select the relays suited to the special conditions of the 
installation. To do this intelligently, a knowledge of the principle just 
given and the various types of relays developed to embody one or more of 
these principles is necessary. 


There is a multiplicity of types and a classification to be com- 
prehensive, should, as in numerous other cases, be made from 
several points of view. Accordingly relays may be classified: 


1. With respect to the nature of the service performed, as 

Protective; 

b. Regulative; 

c. Communicative. 
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2. With respect to the operating current; as 

a. Alternating: current; 

b, IMrect current. 

3. With respect to the manner of performing their function^ as 

a. Circuit opening; 

b. Circuit closing. 

4. With resi)ett to the operating current circuit, as 

a. Primary; 

b. Second^. 

5. With respect to the abnormal conditions which caused 
them to operate, as 

a. Overload; 

b. Underload; 

c. Overvoltage; 

d. Low voltage; 

e. Reverse energy; 

/. Reverse phase. 

6. With respect to the time consumed in performing their 
function, as 

a. Instantaneous (so-called); 

b. Definite time limit; 

c. Inverse time limit. 

7* With respect to the character of its action, as 

a. Selective; 

b. Differential. 


8. With respect to whether it act directly or indirectly on 
the circuit famiker, as 

a. Main; 

b. Auxiliary. 
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Protectire Relays. — These are used to protect circuits from 
abnormal conditions of voltage, or current, which would be 
undersirable or dangerous to the circuit and apparatus con- 
tained therein. 

Ques. How do protective relays operate? 

Ans. They act in combination with automatic circuit 
breakers, operating when their predetermined setting has been 
reached, energizing the trip coil of the circuit breaker and 
opening the circuit. 

Regulating Relays. — ^This class of relay is used to control 
the condition of a main circuit through control devices operated 
by a secondary circuit. 

Ques. For what service are relays of this class employed? 

Ans. They are used as feeder circuit or generator regulatm^. 

Ques. How do they differ from protective relays? 

Ans. They have differentieilly arr^ged contacts, that is to 
say, arranged for contact on either side of a central or nmtnal 
position. 

Communicative Relays. — These are used for signalling in a 
great variety of ways for indicating the position of switching 
apparatus or pre-determining the condition of electric circuits. 

A.C. and D.C. Relays. — ^As nere used, the classification re- 
fers to the kind of current used on the auxiliary circuit. In 
some cases direct current is used to energize the trip gear of 
the circuit breaker or oil switch, and in others, alternating 
current. 
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A.C. and d.c. relays are respectively known as circuit open- 
ing and circuit dosing relays, being lata* fully described. 

Circuit Opening Belays. — ^The duty of a circuit opening relay 
is to open tlK auxiliary dreuit, usmlly alternating current, and 
thereby cause the oil switch or circuit breaker to be opened by the 
use of a trip coil in the secondary of a current transformer, or by 
low voltage release coil. 



Fio. 4.209. — ^Diagram iflustrating the operation of a circuit opening relay. When the relay 
Intacta are in the normal closed position, as shown, the coil is short circuited. When the 
pladetennined abnonnal condition is reached in the main circuit, the relay contacts- are 
opened with a quick break, sending the current through the trip coil momentarily, and 
opening the breaker. 

The trip coil of the breaker is generally shunted by the relay contacts 
and when the moving contact of the relay disengages from the stationary 
cxmtact, the current from the transformer which supplies the relay, flows 
through the trip coil thus opening the breaker. These features of operatJon 
are shown in fig. 4,209. 
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Qnes. Where are drcuit opening relays chiefly emifloyed? 

Ans. In places where direct current is not available for ener- 
gizing the trip coil. 


Ques. What is the objection to alternating current trip coils? 



Ans. They have relatively high impedance and impose a 
heavy volt ampere load on the transformers. 

Circuit Closing Relays. — The duty of a circuit closing relay 
is to dose the aiudliary circuit at the time wh^ the pre. 
determined abnormal condition is readied in the pniaary dr- 
cuit. The closii^ of the auxiliary circuit energizes the trip co0 
and opens the breaker. 





Relays 2,369 


Fig. 4*210 shows the operation of a circuit closing relay. When the cui> 
rent or pressure in the main circuit reaches the predetermined value at 
idiich the protective system should operate, the relay magnet attracts the 
pivoted contact arm and closes the auxiliary circuit; this permits current to 
flow from the current sorirce in that circuit and energise the trip coil tibui 
opening the main circuit. 

Qttes. What kind of correnl is generally used for the aas* 
iliary circidt of a circuit closing rday? 

Ans. Direct current. 



Pic. Eleeferic rini^ pole laductloB oiverloed rdisjr. Thm prinefplm of cp- 

to tlioie of induction metere. These relays are drcuil and operate 
with a time relay which is inverse at low current values and which approaches n deftnita 
time at high current values. In ospereflon. the holding magnet keeps the contact dosad 
until circuit breaker opens. The trip circuit must he ope^ by a separate auxiliary awitdi. 


Ones. At what presaure? 

Ans. From 125 to 250 volts. 

Qims. Where is this eorrent nsaally obtained? 

. Ans. From a stcarage battery, < 0 * bom the exdter. 
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Qaes. For what eorrent are the contacts wdhnarilj de- 
sifDcd? 

Ans. About 10 amperes. 


Current tap 

ttuqinlOAmpt- 

Hole 



fiG. 4,215.-<-Currait tap plate of General Electric tingle pole induction overload relay. The 
primary winding of the- taturating transformer is provided with taps for different current 
settings. Connection (or any tap is made by means of a tap plug which is screwed into the 
terminal of the tap until its shoulder bears against the face of the tap plate. This plate 
is permanently connected to one of the current studs of the relay, and is numbered for the 
identification of the taps. The numerals 4, 5, 6, &, and 10 represent the minimum current 
in amperes that each tap requires to cause the relay to close its contacts, llie ampere 
rating of the tap used should approximately equal the secondary current which oorresponda 
to the normal “full load" current of the line or machine to be protected. 


NOTE . — {Operation of induction ovcrUmd relay. See figs. 4,212 to 4,214* When an 
overload occurs, the rotation of the disc, actuated by a “U" shaped driving magnet and re- 
tarded by a pav of permanent magnets, causes the contact tips to be forced together after 
an interval of time, whiciT is dependent upon the current, also the starting position of the 
dbc aa predetermined by the setting of the time lever. The driving torque is generated by 
tto phase splitting action of shading coils on the pole faces. The coil of the holding magnet 
U connected in aeries with the tripping contacts, causing this magnet to be energised at the 
instant the contacts close, and to attract and firmly hold an armature secured to one of the 
contact members. Hiis holds the contact firmly closed until the tripping current is inter- 
rupted by a circuit opening auxiliary switch on the circuit breaker, thus preventing fla s h i n g 
<sr bumiiig of the contact surfaces. 4 




Attzffiaiy cirit 


Relays 


237s 


Frimarj uid Sectmdary Relays. — Primary relays are some- 
times called series relays as they have the current coils con- 
nected directly in series with the line, both on high and kMr 
tension circuits. 

Secondary relays receive their current supply from the sec- 
ondary circuits of current transfonners. Alternating current 
rdays connected to secondary of pressure transformers and 
rela 3 rs with both current and pressure wmdings are included in 
this class. 

Secondary relays are more accessible and more easily adjusted than pri- 
mary relays* as they are always at low voltage* which makes it postil^ to 
chailge the calibration or even the coils without the necessity oi shutting 
down the lines* regardless of their voltage. Such relays are subjected to 
secondary load conditions only; consequently, the mechanical constructkni 
does not receive the heavy service that series relays are subject to* and* 
therefore* a greater degree of rehnement and more accurate characteristka 
are obtainable . For these reasons* secondary relays are used for the major- 
ity of conditions that require the automatic tripping of oil switches. The 
secondary relays operated by current are connected to the secondary cir- 
cuits of current transformers and in operating the contacts are either instan- 
taneous or time limit. The latter are used extensively to obtain selective 
opening of circuits in a pre-determined sequence. 

Ques. What is the usual winding of the coils? 

Ans. The current coils are usually wound for 5 amperes and 
the pressure coils for 110 volts. 

Overload Relays* — Series relays are connected directly in 
series with the line and are chiefly used with high pressure oil 
bleak switches for overload protection. If current transformers 
are to be used on the same circuits for other pi:rx>03es* and 
have sufficient capacity to admit of adding a relay coil* sec* 
ondary relays would be more economical; otherwi^* the series 
relays are less expensive. 

By means of a specially treated wooden rod* the relay operates a tripping 
•witdi* closing a separate tripping circuit, usually 125 or 250 volts dhect 
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Fig. 4,218. — Connections fen* three phase, three wire circuit, neutral grounded with General 
Electric induction overload relay. Auxiliary switch open when oil circuit breaker is open. A 
circuit opening auxiliary switch which will be operated by the .opening movement of the 
breaker to be tripped, must be connected in series with the relay contacts. 

FIc. 4,219. — Connections for two phase, four wire circuit with General Electric induetkm over' 
load relay Auxiliary switch open when oil circuit breaker is open. 



Fig. 4 ,22U. — Connections for three phase, 
four wire circuit with Geueral Electric 
induction overload relay. AuxOiny 
switch open when oil circuit breakar ii 
open. 
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current. Series relays are essentially the same as secondary relays except in 
the coil winding and insulation. 

Underload Relays. — These are similar in construction to low 
voltage relays but have current instead of pressure windings. 

Over Voltage Relays. — These are usually of the circuit clos- 
ing type and are similar to secondary overload relays, but have 
pressure instead of current windings. 



Fto. 4 * 221 , — Connections of General Electric induction under voltage lelay for protectkia og 
a three phase system. 

Low Voltage Relays. — Relays of this class are in most cases 
used for the protection of motors in the event of a tenqx)rary 
weakening or failure of the pressure. They are also used in 
connection with a low voltage release or shunt trip coil on an 
oil switch or a circuit breaker. 

Reverse Energy Relays. — ^llie chief object of this species of 
relay is to protect the generator. When so used, the overload 
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adjustment is set at the maximum value to give overload pte- 
tection only at the maximum carrying capacity of the generator 
and a sensitive reverse protection to prevent a return of eaergy 
from the line. 


Beverae Pham Relays. — ^This type of relay is used chiefljr 





Time Law 
onO 


Slote.in 

Disk 

eiack^ 

SuppQltS 


Flc. 4J222.—ViBw of General Electric induction overloed rday ilioiriiic rd«tlon of oontacl^ 
time lever end black apot on diac. The time lever acale ia adjuated ao that when the time 
lever ia aet on kero the conlacta are juat cloaed. The contact apringa are adjuated to give 
the contacts a separation of 6H when free, A black spot has been paint^ on the edge 
of each diac. The center of this mark should come exactly on the center line of the brectot 
supporting the permanent magneta wben the time lever is aet at aero. 


NOTE.— ^turating transformer of General Electric induction overload idey. This deviee 
is mounted in the relay case. The primary winding is connected to the currant atoda of tbs 
relay and the aecondaiy winding is connected directly in aeriet with the cnila on the *^ir 
ahaped magnet which drives the disc. At high currents the eatuiitkm chereclariitic Ihnita 
the torque and produces approximately definite time action. 
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to prevent damage in case of reversal of leads in re-connec^ing 
wiring to two or three phase motors. 

lime Element. — It is c^ten inconvenient that a circuit 
breaker should be opened immediately on the occurrence of 
what may prove to be merely a momentary overload, so that 
time lag attadiments are frequently provided, particularly with 
relays. These devices, which may form part of the r^y or 
may be quite distinct from it, retard its action vmtil the over- 
load has lasted for a pre-determined time — several seomds or 
xoxxe. 
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Pig. 4.2S3^Tlaie indez plate of General Electric faidiictioii overload relay. Eadh time of 
operation given on the index plate corresponds to some multiple of the minimum operating 
current for which the tap plug is set, and some position of the time lever (the designation 
'Times Current Tap Setting" at each end of the index plate refers to the adjacent oohnnn 
of mnltipki^ or numbers of times the current tap setting). 


Ones. What should ^eferably govern the time . lag? 

Ans. It should depend on the extent to which the overload 
is reduced as the time dapses. 

So Called Instantaneous Relays. — ^The so called instantaneous 
idays <^)erate almost instantly on the occurrence of the ab. 
non^ condition that they are to control. 
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There is of course a slight time element comparable with that of an over*- 

load circuit breaker, but for practical purposes, the operation may be 

considered as instantaneous. 

Time limit Relays. — Under this classification there are two 
sub-divisions. 

1. Definite time limit; 

2. Inverse time limit. 

Ques. Describe the time mechanism of a definite time 
fimit relay. 

Ans. It consists of an air dash pot, and an air diaphragm or 
equivalent retarding device connected to the contact mech- 
anism. 

Qnes. How does it operate? 

Ans. In some designs, when the contacts are released, they 
descend by gravity against the action of the retarding device 
thereby making contact a definite interval after the occurrence 
of the abnormal condition. 

Ques. How does the inverse time limit type operate? 

Ans. The actuating and contact mechanism is attached di- 
rectly to an air bellows and in operation tends to compress the 
bellows against the action of a specially constructed escape 
valve in the latter. 

Ques. Why is the arrangement caHed inverse time limit? 

Ans. Because the retardation varies inversely with the ixes- 
sure on the bellows, and therefore inversely with the magnitude 
of the abnormal condition. 
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Ques. What other device may be used to retard the op- 
eration? 

Ans. A damping magnet is sometimes used which acts on a 
disc or drum and which may be adjustable. 

Ques. How is the inverse time element introduced by this 
arrangement? 

Ans. The retardation is due to eddy currents induced by 
moving the disc or drum through the magnetic field. The re- 
action thus induced varies inversely with the magnitude of the 
force with which the disc or dnun is urged through the fidd 
and hence inversely with the abnormal condition. 

Ques. What are the ordinary limits of adjustment for in- 
verse time limit relays? 

Ans. From one-half second to 30 seconds, depending upon 
(he time setting and magnitude of the*overload cmrent. 

A setting of from two to six seconds is ordinarily used* depending upon 

the requirements. Where selective operation is desired a minimum setting 

of two seconds is recommended. 

Differential Relays. — In this t}rpe of relay there are two 
electromagnets. In normal working these oppose and neutral- 
ize each other. Should, however, either winding become 
stronger or weaker than the other, the balance is upset, the 
noagnet energized, and the relay comes into operation. 

A modification of such a relay for alternating current is 
diown in fig. 4,233. Assiune that the circuit A, has the largo: 
pressure iiuluced in it, whereas, ^ould the main current reverse 
mth reference to the ^\mt current, the circuit B, would have 
the larger induced pressure. 
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Impedance or Distance Type Rday. — ^Tliis relay is of the in- 
duction disc type, similar to the ordinary over current type 
rday, but with the addition of a voltage restraining aal which 
is connected medianically to the disc and to the contact 
mechanism. Fig, 4,224 shows an impedance relay of the non- 
directional type with the cover removed. 

The disc is rotated whenever the current in the current ocril exceeds a 
definite value and is damped by the permanent magneta in such a manner 



|P|Q, mm-dixectioiwl impedance relay irith cover removed. 


that its speed is apiMX)xiinately proportional to the magnitude of the cur- 
rent. Instead of operating the contacts directly, the movement of the dire 
winds up a spring, one end of which is fastened to a shaft that is geared 

to the disc shaft. The other end of the spring is connected lytneansrf a 

lever to a lodcer arm pivoted at its center and mounted 

the disc. This rocker arm carries the contact on one end. The core of 

the restraining ccA is suspended from the othor end. 
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In aj^ration, the pull of the vol- 
tage coil, which oppc^ the daring 
of the contacts is directly paqxr* 
tional to the voltage. It win be seen 
that for any given applied voltage, 
the spring must be woimd up a 
nite amount before enough ptdl win be 
developed to overcome thepuU of the 
voltage con and dose the contacts. 
The speed with which the spri^ is 
wound to this definite amount is de- 
pendent on the magnitude of the 
current. The time of operation, 
since it is directly ^poriional to 
the voltage and inversely propor- 
tional to the curroit. is proportional 
. to the impedance or ^e distance 
i fron the feult. Thus, by properly 
1 setting the relays, discriminative 
g action can be obtained by means of 
I which the relay nearest the fault 
I will operate and open its drcirit 
breaker before any other relay cm the 
I other sections of lines will dose its 
I contacts. 

^ Since in some cases a delta voltage 
I may be reduced to zero without af- 
<|fecting the magnitude of the star 
•S voltages to any great extent, and 
J vice versa, it is always necessary to 
^ use two relays per phase where Une 
g and ground protection are desired on 
I a grounded system. One set of re- 
’s lays will be restrained by the ddta 
voltages and one by the star volt- 
ages. 

I This impedance relay may be ocwn- 
T bin«l with an ordinary directional 
uj watt element to give a directional 
H impedance relay which will trip its 
breaker only when the power flow 
^ is in the or^etermined direction. 
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Indnction (Instrument Type) Inrerse Time limit Relay. — 

The instrument type relay is not as rugged mechanically as 
the solenoid relay, and the contacts are not as heavy, although 
it affords instrument accuracy and gives satisfactory operating 
characteristics. 



Fks. 4.227. — Pictorial diagram of Westini^iouBe impedance (distance) relay. As ustially a|K* 
plied this relay requires for its operation the use of current and voltage transformers. The 
current element tries to close its contacts in a time varying inversely as the current whereas 
the voltage coil holds them open for a time varying directly as the voltage. Stated math- 
ematically 

E E 

T — but 1" — Z -"impedance —distance. 

Stated in non -mathematical language, the time of operation of this relay varies as the dis- 
tance of the short circuit from the relay. This applies not only to '*dead’* but also to '*htgb 
leaistance'* short circuits, assuming that the latter be possible. 


If the tripping current be too heavy for the relay contacts, they may 
be connected to a tripping relay that is instantaneous and requires only 
a small amount of current to operate. 

The time delay is obtained by a specially designed rotatmi 
induction disc siinilar to that us^ in watt meters. 
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As shown in hg. 4,229 the movement of a contact pin on a gear doses 
the contacts. The current calibration is obtained by using different taps 
in the current coil, and in this way controlling the speed of the disc. Tte 
time calibration is obtained by adjusting the discance through whidi the 
disc travels before contact is made. 

*How to Select Relays. — ^The following general information 



Generating 

Station 


Fte. 4.230. — Diagram of trantmiasiofi system illustrating the use €»f impedance (distance) 
relays. The conditions most difficult for proper discrimination in the time eJement are 
those encountered by relay A and B, when a short circuit occurs at the point X. Sines 
both A and B, have the same current flowing through them, the increased time element 
required by B, can only be obtained by the increase in voltage at B, above that at A. The 
impedance relay is so designed that, if with the minimum possible short circuit current 
which can flow to X. there is a difference of 5% in the voltage between A and B. proper 
discrimination will be obtained. For heavier short circuit where the drop in voltage will 
be more than 5% the action of the relays can be made much quicker and more reliable, 
in other woorda, the cmly limitation on the appUcation of the impedance relay is that the 
sub-stations or the switching stations must not be too close together. Another condition 
which must le met is that which is due to a short circuit at Y, in the diagram. Unte 
aoch a condition the relay at C, in sub-station N, should of course operate, but the voltage 
and current conditions will be exactly the same on both relays C and D. Therefore, in order 
to prevent the relay D, operating, it is necessary to equip it with a device similar to a chedc 
valve which will prevent it operating whenever power is flowing into the sub-station. This 
device is known as the directional element and consists of a contact making watt meter 
with its contact in series with the main contact of the relay. This principle is the same 
as that employed in the impedance relay. In the diagram the arrow shows Where directkmal 
relays are required and also indicates by the same symbol, the direction in which thsy 
will operate when trouble occurs. 


As suggested by the Genera! ESeetric Co 
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on relays, will be of intoest and asdstance in making a sdeo 
tion the various relays previously described to meet the 
requirements of modem power house and sub-stati(m layouts. 

Single pole relaye are used on single phase and on haUmced three 
phase circuits. 

Double pole relaye are used on ungrounded three phase and on quarter 
phase. 



1^. 4.231. — ^Time dittaDoe curvw for impedance lela^. Bxampimff If in^Sg. 4»230 trooiils 
ihottld occur at X. the relay at A, sho^d operate in say .1 aeoood. The cir^t biealBar 
will require about .25 eeoood to open, the total time required to clear the ehort beiag 
aaoond. Now the relay at B, should have sufficient time delay so that it will not close Ua 
oontaeta before the breaker at A, has had a chance to open (.35 second). If this time ha 
doitfaied in order to allow an ample margin of safety, a reasonable setting for the relay at B. 
ia tiHQ obtained. Therefore, the dash line acrose the diagram is drawn to indicate the 
time which should be required to operate any relay. This is the extreme case; 
thi avarage ahort circuit will be Cleared in considerably less Ume. This difference in time 
be t we en adjacent etationi it of oourie due to the difference in voltage between them. With 
the pmaint desigo of relay the difference in voltage between two consecutive stations carry* 
big dm aanw trouble current must be at least 5% in order to secure proper discrimination. 


Triple pole relaye are used on three phase grounded neutral and inter- 
ammscted quarter phase. 

CIrouit eloeine rektye are recommended in all cases where a oonaluit 
source of direct current is available for operating trip coils. 
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Coxisidering first alternating current circuits, the prevailing practice is to 
make the circuit breakers by which the alternators are connected to the low 
tension bus non-automatic, in order to insure minimum interruption of 
alternator service. The chance of trouble in this part of the circuit is 
remote, but should it occur, the station attendant could generally open the 
circuit breaker before the machines are injured. 

Reverser current relays of instantaneous or time limit types are often 
connected to the secondaries of current and of pressure transformers to indi- 
cate by lamp or bell any trouble that may occur in the generator circuit* 



FkO. 4>232.— Diagram of Westinghouse impedance (distance) relay with directkmal elemoit. 


These relays operate with a low current reversal at full pressure and 
conversely with a proportionally greater current at voltages less than 
normal. 

At zero pressure, the relay would act as an overload one, set for high 
overload. 

At zero current, a voltage considerably in excess of normal would be re- 
quired to operate it. 


Specifications sometimes call fen* automatic generatca* circuit 
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breakers; in this case d^nite time limit overload relays are iised. 
They are connected in the secondaries of current transfcmnera 
and are designed to give the same time delay for all trouble 
conditions; they allow the defective circuit to be opened, if 
possible, at a point more remote from the alternator than the 
alternator circuit breaker. 

When the total alternator capacity exceeds the rated rup- 
turing capacity of the circuit breakers, one or more secti<mal- 
uing circuit breakers are placed in each bus. 

If operating conditions admit, these devices are made non-automatic and 
are left disconnected except in case of emergency; but if it be necessary for 
them to be continually in service, they may be made automatic by means ef 
instantaneous overload relays connected to current transformers in the low 
voltage bus; the relays being adjusted to trip the circuit breaker under short 
circuit conditions, confining the trouble to one section and preventing the 
circuit breakers rupturing more than their rated capacity. 

Installations with but one bank of power transformers, and 
without a high voltage bus, are provided with automatic circuit 
breakers operated by an inverse time limit relay. 

The relay is connected to the secondaries of current transformers, which in 
turn are connected in the low voltage side of the power transformer. 

Stations with more than one bank of power transformers, a high voltage bus, 
and high and low voltage circuit breakers, may have both circuit breakers 
arranged to trip at the same time or one after the other. As in the former 
case, they are operated from the inverse time limit relay connected in the 
low voltage side. 


In plants in which two or more banks of transformers an 
operated in parallel between high and low voltage buses, it Ji 
desirable to have for each transfonner bank, an aut(»naticdr- 
cult breaker equipment which will act selectively and discoa- 
nect only the bank in which trouble may occur. With a circuit 
breaker on each side of the transfcKmer bank, selective ac^iea 
may be secured in two ways as follows: 
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1. By means of an instantanecm diffei^ntial relay coonected 
in the seccmdaries of current transformers installed on both tiie 
hifl^ and low ventage sides of ^ch transfmmer bank. 

The relay operates on a low curr«it, reversal on either side of the faaidc. 

2. By means of one inverse time limit, secondary or series 
relay installed on that side of the transformer bank wfaidi is 
opposite the source of power, the relay being arranged to trip 
b^ the high and low voltage circuit breakers. 



Fto. 4p233. — ^Differentiai relay trantfonner and reverse current circuit breaker diacrittUiiatkic 
d a tice. A differential relay is ona whose aleetro-magnst has two windings. In normal work- 
Ina f Asfs oppose and neutralise one another. Should, however, either winding become ttraaffMT 
or weidmr than the other, the balance is upset, the magnet is energized, and the relay oonas 
into operation. A modificatioa of such a relay for alternating current is here shown, from 
which it win be seen that when the currents are as indicated, the circuit A, has the largsr 
pnasure induced in it. whereas, should the main current reverse with reference to the shunt 
current, the circuit B. would have the larger induced pressure. 

The first method has the disadvantage of high first cx>Bt due to the high 
voltage current transformers required, but is more positive than the Moo^ 
meth^ and is independent of the number of transformer banks in peralM. 

The second, method is the less e^^nsive of the two and protects against 
overloads as well as short circuits in the transformers, but it is less positive 
and introduces delay in the disconnection of the transfomier when trouble 
occurs. Furthermore, it is not sdective when less than three banka are 
operating in parallel' 
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The automatic circuit breakers in the ou^oing line may be 
operated ircon inverse time limit relays connected in the sec- 
ondaries of current transformers; or in case transformers are 
not necessary for use with instruments, series high voltage in- 
verse time limit relays connected directly on the line may be 
used. 

Whether to select current transf(»mers with relays insulated 
for low voltage, oc to choose series rela3rs, is a question of first 
cost and adaptability to service conditions. Below 33 ,000 volts, 
the a>mmercial advantages in favor of the series re^y are slight, 
and since it is scnnewhat difficult to design this device for the 
large current capacities met with at the lower voltage, it is 
generally the practice to use the relay with current transformer, 
because of its operating advantage. This practice, however, is 
not entirely followed, since some service conditions (described 
later) make the use of series relays very desirable and pnactical. 

Inverse time limit relays are satisfactory for one, ot more 
than two outgoing lines in parallel as they act selectively to 
disconnect the defective line only, but installations with only 
two outgoing lines in parallel have the same load conditions in 
both lines and selective tripping of the circuit breakers in the 
defective line is obtained by means of a selective relay acting 
without delay under short circuit conditions only. 

The relay design and action is similar to the reverse current relay pre- 
viously mentioned, and is connected to the secondaries of current tiana- 
formers in each high voltage line and pressure transformers in the low 
voltage bus. 

In the substation, the conditions are the reverse of those in the main 
station, the incoming lines becoming the source of power. 

If there be only one incoming line and no high voltage bus, the line drcuit 
breaker is genei^ly non-automatic. With one incoming line and high 
voltage bus, the circuits from the service side of the bus are equipped with 
automatic circuit breakers and relays. These relays and those used for 
other arrangements of two or more incoming lines in parallel, as well as 
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high and low voltage circuit breakers, are of the same design and are applied 
in the same manner as for the generating station. 

Regarding the relay equipment for auxiliary machines, the same prac- 
tice is recommended with the generator end of alternating current motor gen- 
erator sets as with the main generators, the outgoing feeder circuit breakers 
being tripped from inverse time limit or so called instantaneous rdays. 

With several synchronous machines in parallel, the relays Bre arranged to 
operate with the least time delay with which it is possible to get selective 



Figs. 4,234 and 4,235. — ^Diagram of external connections, Westinghouse phase balance cuimt 
relay, it eonMiata of four branches F, E, D, and R, which are connected in series and 
Whose four corners are connected to two current transformers. These two current trfens- 
formers are connected to two of the three phases of the circuit. P, resistance; D, plueG, an 
impedance; E, reactance; R, relay element itself, which is similar to the standard induction 
over current relay. The relay is so designed that no current flows through the relay element 
R, so long as the polyphase circuit is balanced and the phase rotation is correct. Upon the 
occurrence of one of the abn<vmBl conditions mentioned above, the relay element reoelvee 
an appreciable value of current and operates. The relay has two separate and d istin ct 
settings, one for amperes and the other for time element. 

action, in order to prevent the machines being thrown out of step in event 
of trouble conditions causing a decrease of voltage. 

The various types of inducium motor and various conditions under which 
they are employ^, have brought about the development of several types 
of itlay to protect the meton hnd the appiratijs with they am 


Relays 


2,391 


It is desirable to disccmnect a large motor in case of voltage 
fiulure, and with conditions requiring either a motor operated, 
or a solenoid operated circuit breaker, a low voltage relay is 
used to close the tripping circuit whoever the voltage decreases 
to, approxiniately, ^ per cent, below normal. 

Up to 550 volts, these rdays may be connected across the line, but for 
higher voltages they are connected to secondaries of pressure transfOTmm. 
Smaller motors with which hand operated circuit breakers are used, are gea- 
erally provided with low voltage release attachments that perform the same 
function as the relay. 

Induction motors are sometimes subjected to Aigi voltage 
conditions and to protect them horn injury, high or access 
ventage relays are enu)loyed to trip the automatic circuit 
breaker. These relays are of similar design and wired in the 
same maimer as the low voltage relays. 

Reverse phase relays have been developed for operating am- 
ditions under which a reversal of phase would cause trouble, 
as for example, in the case of elevator motors. 

These are so designed that any phase reversal that would revme an 
induction motor would operate ^ relay and disconnect the automatic 
circuit breaker. 

The design is based on the principle of the induction motor, and in the 
case of low voltage motors of limited capacity, the relay may be connected 
in series in the motor leads. If the voltage or capacity of tte motor make 
this arrangement mexpedient, the relay may be placed in the secondaries 
of current or pressure transformers connect^ in the motor leads. 

Underload relays are often used to trip the automatic circuit 
breaker that is placed in the primaries of arc lighting circuits to 
prevent an abnormal rise of secondary voltage in case of a 
break in the secondary circuit. 

The underload relay is similar in deagn to the low voltage relay exoqrt* 
iitg that it acts on a decrease of current. 
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The problem of protecting induction motors, from iQjtiiy 
that may result from running on single phase, or from an over- 
load, and at the same time permit the mot<»' to be started with 
the necessarily high starting current that may be greatly in 
excess of the overload current, has caused the development of 
the series relay. 

This device may be connected in series with the motor leads for voltagei 
up to 2,500; it is designed with an inverse time limit device which may be 
adjusted to give the desired protection. 

The field for relays is more extensive for alternating current 
than for direct current power circuits, the latter being generally 
confined to much smaller and simpler systems and areas of 
distribution, and generally sufficient selective action can be ob- 
tained by the use of fuses or circuit breakers arranged with 
instantaneous trip. 

Operating conditions sometimes make it advisable for the 
generator circuit breakers to open only after the auxiliary and 
feeder circuit breakers have failed to isolate the trouble. 

Ibis is accomplished by using direct current series ineerse time limit 
relays to trip the generat<»' circuit breakers. 

* Instantaneous reverse current relays are used to trip the ma- 
chine circuit breaker of battery charging sets, rotaries and motor 
generator sets to prevent their running as a motor on the 
charging or direct current end. These relays can act only in 
case of current reversal. 


*NOT £. — StrietQf apmaking the wcnxl inatantonaous should never be used becsuee it is 
impneiihte for any kind of a device to operate instantaneously. It is used for conveoknoa to 
diiHngoiah a very qvdck^acting device from others which require a looier time interval in their 
CfMtion. 
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Fiq. 2,436.-*<niarictieri8tic corvet ahowing burden placed on the cwrent tcansfonner «|||b 
varioiu currents flowing in the relay windings. 


TEST QUESTIONS 

1 . What is a relay? 

2. Name the various principles on which relays operate. 

3. What is understood by the term inverse time? 

4. What is the difference between inverse time and defi- 

nite time? 

5. Explain the terms directional and differential. 

6. Explain over current with under voltage. 

7. State the thermal principle. 

8. Give classifications of relays. 

9. How do protective relayfS operate? 

10. How do regulating relays differ from protective relays? 

11. What are communicative relays? 

12. Explain the classification a.c. and d.c. relays. 

13. What are circuit opening relays? 

14. What is a circuit closing relay? 

15. What is the difference between primary and secondary 

relays? 

16. Describe an overload relay. 

17. How does an under voltage differ from an over voltc^s 

relay? 

18. Describe a reverse energy relay. 

19. What is a reverse phase relay used for? 

20. Explain the time element. 
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21. How do so called instantaneous relays operate? 

22. Describe the construction and operation of a time 

limit relay. 

23. Describe the construction of a differential relay. 

24. How does an impedance or distance type relay work? 

25. Describe the induction instrument type inverse time 

limit relay. 

26 Give some general information on how to select a relay^ 
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CHAPTER 77 A 

Plunger Type Relays for Over- 
current and Auxiliary Service* 

This group of relays operate on the solenoid principle and are 
shown in figs. 1 to 5. 



PiM. 1 and 2. — Plur^r type over-current circuit, c l o ai n g and circuit-opening relaya re- 
spectively. 


*The idayt diecueged are manufactured by the General Electric Co. 
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Each relay consists essentially of an iron clad op«:‘ating coil 
and a movable plunger. The plunger actuates contacts which 
opens or closes the controlled circuit, depending upon the par- 
ticular application. 



Fm. 3 and 4. — Relays with cover removed. 

Operation Principles. — When due to certain (x>nditions in the 
drcuit to be protected, the current exceeds the value at which 
the relay is set to operate, the plunger raises and carries up with 
it the movable cone contact, or it strikes against the center of 
the toggle mechanisms, depending upon the type of contacts in 
the relay, the contacts are thus caused to function. 

Generally, when a relay functions to open its contacts it is 
referred to as a circuit-opening type, and when it functions to 
close its contacts, it is referred to as the circuit-closing tsrpe. In 
this manner the function of the contacts of a relay is most 
frequently used as a means of identification, a relay being 
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circuii-closing or circuit-opening or circuit-opening and circuit- 
closing. 

Timing Featnres. — In regard to speed of operation a relay 
may be referred to as instantaneous or time delay. The word 
instantaneous conve 3 dng a general qualifying term applied to 
any relay indicating that no delayed action has been purposely 
introduce. 

The time relays are similar in construction to the instantane- 
ous type, except for the addition of an air bellows which limits 
the rate of travel of the relay plunger, and in this way intro- 
duces an interval of time to the opening or closing of the relay 
contacts. 

This time delay may be regulated to suit the special service 
desired, which is accomplished by means of a needle valve 
located in the head of the bellows as shown in fig. 5. This valve 
controls the rate of air flow from the bellows imder various 
operating conditions. 

All relays with timing features belong to either of two classes, 
namely: 1, Inverse time, and 2, Definite time. 

The definite time relay is characterized by a compression 
spring interposed between an armature and a ^aphragm of the 
air bellows . The contacts are actuated upon the movement of the 
diaphragm. With the function of the relay, the plunger tends to 
comp’ess the spring which in turn reacts upon the diai^uragm. 

Again, for the inverse time relays, this ^ring is made stiff 
enough to resist the aforementioned compression except fm’ a 
heavy overcurrent. Thus the time of operation is in inverse 
proportion to the over-cmrent, and hence the definition inverse 
time relay, 

Ai^licationB. — ^The aforementioned type of relays has a fairly 
broad field of application. However, it should be distinctly 
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PiQ. 5.~Cro8»'«ectiotuil view of standard unit plunger type over-current, ciicuitHc3o8iiigf«fal]r» 
inverse time or deftnitc time. When bellows is omitted this.relay is practically in sta n ta n eona. 
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understood that the type described is not intended to cover all 
kinds and types of application permissible. 

The various conditions attending individual installations 
very often vary, and hence each application should be carefully 



Flo. 6. — Indicating, method of connection for over-current circuit-clofiing relays when a dtred 
current source be available for tripping of the oil circuit breaker. Normally the trip coil circuu 
is open at the relay contacts. When the over-current becomes sulhciently large for the relays 
to dose its cxmtacts, the trip coil becomes energized topping the oil circuit breaker, removing 
the machine or source from the over-load. 


analyzed and the type of relays selected which will most nearly 
perform to the desired operation features. 

The application of the instantaneous and time relay is de- 
pendent upon local conditions and preferences. However, time 
relays are generally recommended where it is desirable to pre- 
vent interruption of the circuit where over-currents are only 
momentary. 
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The instantaneous types are most usually recommended 
where it is desirable to prevent damage, which may occur to 
machines and apparatus if not immediately disconnected from 
the source of load. For example, in the case of a large synchro- 
nous converter above 300 volt direct current, it is necessary to 



Fko. 7. — In th» circuit ovcr’-cuirent proiectx>;i is accomplished by means of a set of cufient 
tfanaformen, with its associated relays and trip coils. In this system the relay oontacta are 
nonnally closed. When the over-current through the coils exceeds that for which the relayt 
are set to operate, the contacts opens, placing the trip coils in series with the relay mils, 
causing the trip coils to trip the circuit breaker. 

disconnect the unit from the line as quickly as possible in 
Older to assist in extinguishing commutatm* flash-overs when 
they occur. Time relays are used extensively for over-current 
protectimi of mot(»:s or other machine circuits where a simple 
time delay is desired. 

In other ai^lications, selective action may be desired and 
two or three stops of action are utilized. Systems of this kind 
are shown in figs. 8 and 9. 
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Loddng Relays. — Sometimes due to special conditions, 
eotmomy in oil circuit breakers may be effected by grouping a 
number of feeders together, controlled by one heavy duty 
breaker, and each separate feeder equipped with a light duty 



The feeder circuit breaker will have sufficient interrupting 
capacity to open the circuit upon the occasion of over-current, 
but not sufficient mterrupting capacity to clear a short-circuit 
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or excesave over-current. In such cases locking relaj;^, as shown 
in fig. 8, are employed to lock the feeder breaker in. In this sys- 
tem each feeder is equipped with a complement of time over- 
current relays adjusted to function to trip the feeder breaker on 
simple over-current, and a set of instantaneous locking relays 
with high current coils, adjusted not to function as long as the 
primary current does not exceed the capacity of the feeder 
breaker, but to fimction instantaneously in case the cturent 
exceeds this value. 

The (^ration of the locking relays opens the tripping circuit 
of the feeder breaker, thus locking the feeder breaker closed, 
and closes the tripping circuit of the heavy duty group breaker. 

It will be noted that all of the circuit opening contacts are in 
series and the circuit closing in parallel, which condition is 
necessary for satisfactory operation in case of trouble in any 
phase of the system. 

Another method of application of locking relays to' a group of 
feeder circuits is shown in fig. 9. Here as in the previously de- 
scribed circuit the locking relays operate only upon excessive 
over-current, in which case the locking relays closes the feeder 
breaker and opens the group breaker. 

An additional relay equipped with a direct current coil is 
arranged to close instantaneously and reset (open) in a definite 
time is furnished as an auxiliary relay to work in conjuncticm 
with a circuit closing auxiliary switch on the group breaker to 
open the feeder breaker after the group breaker has opened. 

In this manner the operator is able to close the group breaker, 
without having to find which feeder is in distress and to open its 
breaker as he would otherwise have to do. 

Relay Calibration. — The setting of the relays, for operation 
at various currents passing through the coil, is accomplished by 
varying the position of the plunger in the coil. An adjustment 
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NOTElVAUXnlARY SWITCH OPEN WHEN i I t 



Pio. 9.-'<iroup breaker connections with locking relays to protect feeder breakers on e|iQe*ilv« 
oment (Group breaker tripped and then faulty fe^er breaker). 
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nut at the bottom of the calibration tube is provided for the pur- 
pose. The values marked on the calibrating tubes for both the 
instantaneous and time relays represent the minimum number of 
amperes in the relay coil, which will lift the plunger and open 
or close the relay contacts. 

As already mentioned the time settings on all the inverse and 
definite time relays are obtained by means of a needle valve 
located on the top of the air bellows. This valve governs the 
escape of air from the bellows. With the valve wide open the 
operation of the relay is practically instantaneous. A knurled 
lock nut is provided for locking the needle valve after the adjust- 
ment is made. Time delays can be introduced by adjustment 
within the limits of approximately 2/10 to 20 seconds with 
125% of the minimum current at which the relay is to function. 

Relay Tests and Setting. — The method and care used in 
testing and setting of relays, often determines its proper func- 
tioning, and hence the proper operation of the power system. 

It should be remembered that all tests should if possible be 
made under conditions as nearly equivalent to the operating 
conditions as possible, which makes it desirable to include all 
the wiring and complete relay equipment in the test. 

The testing of the relay for time settings should be made with 
some form of timing device that gives absolutely accurate tim- 
ing intervals. The stop-watch method is entirely inadequate 
fcH* line calibration. 

The determination of relay settings must receive careful 
consideration. An analysis of all circuit conditions is necessary 
and a calculation of the short-circuit currents which may be 
produced at different points on the system is desirable so that 
the selective time-current characteristic curves can be made 
comparative for different points of the system under oonr 
^deration. 
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The circuit contacts consist usually of carbon and may be 
adjusted for more or less contact pressure by bendii^ the 
stationary contacts toward (x away from the movable carbcm 
cone. 


A.C$0URCE 



Fto. 10. — Teatinp eireutt tar cIrcuiUetominp relays. It should be noted that irntnimeiit 
emidoyed in testa such as timers, freqtiency, volt and ammeters must be of precision type, 
otherwise the tests and setting of the relays cannot be accurately performed. 

Tlie amount of ciurent through the contacts should not ex- 
ceed 20 amperes fca: 1 minute or a continuous current of 2H 
amperes. 

IMpiiing Source. — It is of paramount importance that a 
tdiable tripping source be available for the proper functioning 





2,394-L 


Relays 


of the relays. The tripping source may be either a.c. or d.e. 
depending upon local conditions. 

To mitigate the failure of the tripping source (as in the case 
<rf severe shorts in a.c. systems) tripping reactors are ofteir 
used in connection with the relays. 



s»M. 11. — Over-current protection by means of circuit closing plunger type relays. When 
tripping reactors are used, as in over-current and other type of relays, instrument and meieii 
gh^d be connected from an extra set of current transformers. The tripping reactors are fra- 
4 uently employed when a direct current or reliable alternating current potential is not avail* 
•tble as a tripping source for the relays. Normally the trip coil circuit is open and the reactor 
vorms the dosed circuit of the current transformer secondary. Wlien the over-current isof a 
sufficiently high value to cause operation of the relay, it doses the trip coil circuit in shuAt 
with the reactor causing sufficient current to be passed through the coil to trip the breaker. 


In tins case the trip coil circuit is open and the reactor forms 
the closed circuit of the current transformer secondary. When 
the relay operates it closes the trip coil circuit in parole! with 
the reactor, causing sufficient current to be diverted through 
the coil to trip the breaker. An application in which tripping 
reactors are employed is shown in 11. 
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CHAPTER 78 

Condensers 

The economical operation of a generating and distributing 
system is dependent on the maintenance of a relatively hif^ 
power factor. The reduction in the output of alt;emators, trans- 
formers and distributing feeders, as well as the increase ia 
heating and losses, and the impaired voltage regulation re- 
sulting from low power factor loads, are of such nature in the 
power plant that the improvemoit of power facUx is a matto: 
of utihost importance. 

Power Factor. — ^Although the author has given a whde 
duster to power factor a brief explanation here is added for 
the convenience of the reader. 

By definition power factor is the ratio of power current to 
total current flowing in a circuit. 

When the voltage and current become out of phase, the current may 
be considered to be made up of two currents, one in phase with the voltage 
and the otho* 90* out of phase with it. The out of phase current is call^ 
the reactive or wattless component. It is stored energy that is being 
transferred back and forth thro^h the circuit with no resulting losses, 
except the heat losses due to resistance. This loss occurs in the line and 
in all current carrying parts. 

When the power factor becomes low, large amounts of energy 
are expended in heating up conductors that would, under proper 
operating conditions, be arailable for useful work. 
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An inductance in a circuit will cause the current to lag with respe^ to 
the voltage and a capacity will cause it to lead the voltai^. Under either 
condition there is a reactive component of the current with a consequent 
lowering of the power factor. Ilie ideal condition would be where the 
inductance and capacity balance so that the current and voltage would 
be in phase. InthiscasethejMwer factor would be 100%. In the major- 
ity of cases low power factor is due to the current lag^^ the voltage. 

Apparatus such as transformers and induction motors having magnetic 
fielcis require a magnetizing koa. just as a g^ierator requires Md exdtar 
tion. This magnetizing koa. is 90** out of phase with the voltage and adds 



■E 


Fiq, 4,237. — Simple vector diagram by which most power factor problema may be aolved, 
Ol, is the actual current which lags behind the voltage OE. by the angle The acthm 
component in phaae with the voltage it OX, and the reactive component 90^ out of phaas 
ia IX. The power factor of a circuit is the ratio of the active oomponent of the current ts 
OX 

the actual current ^ which ia the cosine of angle The common definition of power 

fiictor ia the rafio of tko power to the apparent power. The apparent power in a three phaW 
circuit ia V3 El. which is koa. and the actual power is, V3 El cosine which is two. times 
power factor and equals kw. It is apparent that kea. and kw. are one and the same thing 
at unity power factor and that for power factors other than unity, the current for a given 
kw, losd changes inversely with the power factor. These curves terminate at the safe dir* 
sent carrying capacity of this particular line; the varioua curves show clearly the increased 
line loss at the lower power factors, as well as the decrease in safe load carrying capacity 
with decrease in power factor. 


to the wattless component that is carried by the line. Li^^tly loaded trans- 
formers or induction motors reduce the power factor to a much greater 
extent, than when fully loaded, because the wattless component is greater 
inpropcKtkm* 

Induction motors and other inductive apparatus take a component of 
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current which lags behind the line voltage and thereby lowers the power 
factor of the system, while a non-inductive load, such as incandescent 
lamps, takes o^y current in phase with the voltage and operates at 1.0 
power factor. As transformers require magnetizing current, they may 
seriously affect the power factor when unloaded or partially load^, but 
when operating at full load their effect is practically ne^gible. The rda« 
tive effect of fully loaded and lightly loaded induction motors on power 
i^ctor in indicated in 4,241. The magnetizing current is nearly con* 
gtant at all loads and is wattless, lagging 90^ bel^d the impressed volt- 
age, or at right angles to the current which is utilized for power. 



Pto. 4,238.— Curves showiog Seldt of appli c a t ion for static and synchronous condensers 2,308 
molt ssrvics, SO cycles. 
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Effect of Low Lagginc Power Factor. — Low power factor 
op^tion results in increased losses in aliemators, exciters, dis- 
tribution lines, iran^ornms, and in the consumer's plant. In 
a system working at 70% power factor the losses will be twice 
as great as they will if working at unity power factor. This 
increased loss is caused by increased currents for the M«nw 
amount of power, and stronger fields are needed by the alter- 



power factoig, as well as the decrease in safe load carrying capacity with decrease in power 
factor. 


nators to furnish this power which causes tmdue heating. It 
follows from this, that if the losses be kept the same at 70% 
power factor as they are at unity power factor, the cross sec- 
tion of the copper will have to be doubled. 

The following fcNnmula gives the currents at various power 


Condensers 


2,399 


£act(MS that will be required to cany a 75 kw., 550 volt, single 
idiase motor load: Watts 

^“e(%)P.F. 

These currents for power factor 100 to 50 are given in the 
following table: 

Currents for Various Power Factors 


%Peiw^/ Factor 100 90 80 70 60 50 

Ctif/w-l 136.3 151.5 170.5 195 228 273 

Ki*r 75 83 94 107 125 150 



Fig, 4.240.— Vector iiagram of a typical o.c. load. 

Another factor that this table shows well, is that at lower power factors, 
there is considerable line drop, which necessitates impressing over voltage 
at the supply end, making the voltage regulation poor. 

The regulation of transformers is approximately 1% at unity power 
factor, and 3% at 70% power factor. 

The relative effect of fully loaded and lightly loaded induc- 
tion motors on the power factor is indicated by the oiagram, 
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fig. 4,241. The magnetizing current is nearly constant at all 
loads and is wattless, laggii^ 90 degrees behind the iminpessed 
pressure, (x at right angles to the current which is utilized for 
power. 


In the figtire, AB is the magnetizing component, which is always watt* 
less, and CB the power component. The angle ACB, gives the phase 
relation between voltage and current; the cosine of this angle CB 4- AC is 
the power factor. 

It is evident from the diagram that if the load be reduced, the side 


A 



CB, is shortened, and as AB, is practically constant, the ai^e of lag ACB, 
is increased. It therefore follows that the cosine of this angle, or the 
power factor is reduced. 

The figure clearly shows the reason for the low power Victor of ind^ 
tion motors on fractional loads and also shows that since the magnetizing 
current is practically constant in value, the induction motca: can never 
operate at unity power factor. 

With no load, the side CB (real power), is just sufficient to supply ftc 
friction and windage. If this be represented by DB, since AB, remains 
constant, the power factor is reduced to 10 or iS per cent, and the motor 
takes from the line about 30 per cent, of full load current. It therefere 
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PiOB. 4f242 to 4,244,— ^^haractiKiitic curves for u 3 i^tisse, SQuirrel cage inductioii motior. 
These curves show the effects of under vdtage and over voltage upon Induction motors. 
It will be noised in ^s respect that a variation of voltage of 10% either side of nonnal W 
very little effect cm induction motors other than cm the slip. Voltages below ncrmal ledoce 
sp^ of the motor, and consequently, affect productioQ adversely. The torque of 
iadnction motors varies with the square of the voltage applied, consequently, if the voltage 
drop more than 10% below normal, it it not cmly the abnormal reduction in epeed doe to 
Increaeed ebp that becomes serious, but also the liability of stalling the motors and the 
other apparent disadvantages, such as lower efficiency and overheating of the motor. Boor 
lighting conaitions also accompany low voltage. Consequently, low power factor circuite 
fgquire expensive voltage regulating equipment or the quality of service is inferior and 
laUxlts in operating and production difficulties. 
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follows that a group of lightly loaded induction motors can take from 
the system a large current at exceedingly low power factor. 

Transformers are rated in kilovolt ampere output that is, a 
100 kva. transformer is supposed to deliver 100 kw. at umty 
power factor at normal voltage and at normal temperature; but 
if the power factor be .6 lagging, the rated energy output of 
the transformer would be only 60 kw, and yet the current and 
consequently the heating, would be approximately the same as 
when delivering 100 kw. at unity power factor. 



Fig. 4 . 245 .— -Curve showing relation between power factor and line loss when carrying con- 
stant kw. load. 


The regulation of transformers is inherently good, being for small light- 
ing transformers about 1>2 to 2 per cent, for a load of unity power factor, 
and about 4 or 5 per cent, at .7 power factor. Larger transformers with 
a regulation of 1 per cent, or better at a unity power factor load would 
have about 3 per cent, regulation at .70 power factor. 

Alternators are also rated in h>a. output, usually at any 
value of power factor between unity and -8. 
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The deleterious effects of low ix)wcr factor loads on alternators are 
even more marked than on transfonners. They are: decreased kilowatt 
capacity, decreased efficiency, impaired voltage regulation, and the neces- 
sity for increased exciter capacity. 

Example . — In the case of a 200 kva, alternator designed for .80 power 
Victor (160 kw. output), if the power factor in the circuit supplied by this 
alternator, be about .6, it is probable that normal voltage could ob- 
tained only with difficulty even though at this power factor the alternator 
would be delivering no more than 120 kw. The lagging jwwer factor cur- 
rent in the armature sets up a flux which opposes the flux set up by the 
fields, and in consequence tends to demagnetize them, lesulting in low 



UNE DROP IN PER CENT OF LINE DROP AT UNITY RF. 


Flro. 4,246, — Curve showing relation between power factor and line drop for constant kw, 
load over a 1000 ft. 3 phase, 60 cycle circuit of No. 0 wire, 9 in. spacing, 440 volts at motor. 
It will be noted that the drop increases more rapidly than the power factor decreases, which 
in turn is due to the reactance of the circuit. This circuit might be considered as typical. 

armature voltage. It is often impracticable, without the installation of 
new exciters, to raise the alternator voltage by a further increase of the 
exciting voltage and current. 

The field losses, and therefore, the field heating of the alternator, when 
it is delivering rated voltage and current, are greater at lagging power 
foctor than at unity. Increased energy input and decreased energy out* 
put both cause a reduction in dhciency. 

The regulation at imity power factor of moaem aiiemators capable of 
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carrying 25% overlcxad is usually about 14%. Their regulation at »7 
power factor lagging is about 30%. 

The effect of low power factor on the lines can best be shown 
by eicamples. 

Example ^ — Assume a distance of two miles and a load of 100 kw. It 
is desired to deliver this load at about 2,300 volts, 3 phase, 60 cycles^ 
with an energy loss of 10%. 



Fte. 4,247.— Curves showing volte drop over ■ 1,000 ft. 3 phase. 60 cycle, circuit of No.0 
wire, 9 in. spacing, 440 volte at motor. The curves show the actual volte drop in this cir- 
cuit carrying various loads at various power factors. These curves are intended to give a 
picture of the effect of reduction of power factor and are not intended to be used in actual 
calculations. 

Each conductor at unity power factor would require an area x>f 
25,000 cir. mils; at .9 power factor, 30,820 dr. mils, wl^e at .6 power 
factor, 69,500 cir. mils would be necessary. From this is will be seen 
that the investment in copper will have to be nearly 2.8 times as muA 
at .6 power factor as at unity. If the same size wire were used at .6 as 
at unity, the energy loss would be 2.8 times the loss at unity, or 28%. 
Low lagging power factor on a system, therefore, will genatiilly mean 
limited output of the prime movers, greatly reduced kitowatt capadty 
of alternators, transfonners and lines, as well as increased energy losses* 
The regulation of the entire system will also be poor. 
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Example ^ — ^Assuming a distance of five miles and a load of 1,000 
and desiring to deliver this load at a pressiire of about 6,000 volts, tlwee 
phase, with an energy loss of 10 per cent., each conductor at unity power 
^ctor would have to be 79,200 cm., at .9 power factor, 97,533 cm., and 
at .6 power factor, 218,000 cm. In other words, at the lower power factor 
of ,6, the investment in copper alone would be 2.8 times as much. 








-IOOI0 20 50 4050SO 

AHPERCS FfCLO 

4.24S.~I>iagnim showing a set of phm eharacterUHc curven Uken from a Goienl 
Siectric ni/nehronotm motor. Thmwe curvea ahow the eurrant input to the motor at wioua 
loads with tonstant voUagt and varying field excitation. There is a certain field currant at 
each load that causes a minimum current. Any increase or decrease of field from the value 
the currant and causes it to lead or lag with respect to the line voltage. 

If the same size of wire were used at both unity and .6 power factor 
lagging, the energy loss would be about 2.8 times the loss at unity power 
factor, or about 28 per cent. Low lagging power factor on a system, 
therefore, will generally mean limited output of prime movers; greatiy 
reduced kilowatt capacity of generator, transformer and line; and in* 
creased energy losses. The regulation of the entire system will also be poor. 

Cost of Synchronous Condenser vs. Cost of Copper. — Re- 
ferring to the example given in the preceding paragraph, and 
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calculating the necessary extra investment in copper with the 
.6 power factxx load, and copper at 17 cents per pound, the 
res^t is that 29,292 pounds more copper is required than 
with the power factor of .9 which means a total extra invest* 
ment in copper alone of $5,000 (29,292 X $.17). 



Pig. 4,249. — rh«gram showing the Md current taken by a eynchronoua motor of normal 
design when operating at normal kea. input at various power factors, it wltl be noted 
that a ellyht departure from unity poMoer factor neeeeeitatee a oonetderabUi ehanye 
in field current. 


A synchronous condenser of sufficient capacity to accomplish the same 
result would cost about the same amount. It would therefore a>8t less 
to install the condenser because at the same time a considerably increased 
capacity would be obtained from the alternators, transformers, etc. 

Cause of Low Lagging Power Factor. — In general, on sys- 
tems where the power fector is low the cause is almost entirely 
induction motors. 

Unreasonably low power factor will usually be found due to: 
1, The use of motors of inferior design and construction 
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requiring larger magnetizing current than necessary; 2, the use 
of motors too large for the duty they perform; 3, ^e prac- 
tice of allowing motors to run idle or lightly loaded. 

The exciting ctirrent is practically constant, irrespective of load. If the 
motor be carrying less than full load, the in-phase component is less, and 
since the reactive component remains the same, the angle of lag $ becomes 
greater and the cosine $ or power factor becomes less. 

With the motor running light the in-phase component is just sufficient 
to supply the friction and windage and core losses of the motor, the power 
factor is reduced to 10 or 15% and the motor takes about 35% of full 
load current. 

The effect of the magnetizing current of transformers is practically 
negligible when operating at or near full load, but a large number of un- 
loaded or partially loaded transformers on the line may seriously affect 
the power factor. 

Advantage of Improving the I*ower Factor. — It is apparent 
from the disadvantages of low power factor, that there are 
corresponding advantages of high power factor, and, therefore, 
it is to the advantage of the ultimate consumer to obtain the 
highest possible power factor consistent with economy. 

It is a problem of balancing the benefits obtained such as 
lower charges from the power company, lower investments 
within the plant and improved operating conditions, against 
the increased cost of equipment necessary to improve the 
power factor. 

The benefits obtained naturally depend largely upon the 
particular case 

Improving the power factor in an industrial plant might mean the 
avoidance of installing an additional alternator, additional transformers 
or additional lines. It might mean a considerable saving in power bills 
due to better rates and, in addition, a saving in losses, in transformers, 
lines and motors sufficient to warrant investment in power factcM" im- 
provement devices. It might mean an improvement of voltage conditions, 
such as to increase production as a result of maintaining rated speeds of 
induction motors. Improved lighting and voltage conditions might 
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Power Factor Chart 



PlOB. 4,250 to 4,253.— Chart for uae in determining the per cent reactive Jtpa. required to raSm 
the power factor to a detired value. JSxampie: To find the **per cent reactive 4oe/* neoea* 
aary to raise the power factor from present power factor to desired power factor, lay a straight 
odg$ across the chart connecting these two values. Read the reactive kea, in per oeiit U 
te preseot Aw. load on the middle scale. 
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PowM* Factor ImproTement — Table 1 


(The figurei below X kilowatt input ■■leading kea. required, to improve from one power factor 
to another.) 
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Xxainiplt.<^Total km. input of plant from watt meter reading 100 km. at a power factor 
of t90%. leading reactive ksa neceaeary to raiae the power factor to 90% ia found by 
multiplying the 100 kw by the factor found in the table which ia .849. 100 Aw. X.849 <■84.9 
Ate. If static condenaera be used, ehooae the standard unit nearest to 84.9. If aynchronout 
motora be used, see example undw the table an oage 2,410. 
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further mean a considerable saving in maintenance, as low voltage usually 
results in overheating of motors, transformers and cables. 

How to Improve the Power Factor. — In a plant the power 
factor may be improved to some extent by re-arrangement of 
the motors so that they will operate more nearly at full load. 

Even after the motors are correctly applied, production re- 
quirements may vary, demanding motor sizes that result in 
poor load factors, and consequently, poor power factor condi- 
tions, because they are not fully loaded at all times. It is 
usually impossible to secure good power factor conditions, 


Power Factor Improvement — Table 2 
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P.F. 


1.00 

.000 

.83 

.672 

.06 

1.138 

.M 

.142 

.83 

.608 

.66 

1.160 

M 

.203 

.81 

.724 

.64 

1.301 

.07 

.361 

.80 

.750 

.63 

1.233 

.06 

joa 

-70 

.776 

.63 

1806 

.06 

.830 

.78 

802 

.60 

1800 

.04 

.363 

.77 

.829 

.60 

1833 

.03 

.306 

.76 

.866 

.60 

1.368 

.03 

.436 

.76 

.887 

.68 

1.406 

.01 

.466 

.74 

.000 

.67 

1.443' 

'¥> 

.484 

.73 

.030 

.66 

1.470 

M 

.613 

.72 

.064 

.66 

1.608, 

JK 

.640 

.71 

.902 

.64 

1.650 

JKT 

.667 

.70 

1.020 

.63 

1.600 

M 

.608 

.60 

1.040 

,63 

1.643 

.85 

.620 

.68 

1.078 

.61 

i.687 

.34 

.646 

.67 

1.108 

.50 

1.732 


NOTE. — The figures in the table show the amount of reactive kea. tor each kw. energy load 
at various power factors. For synchronous motors, the figures show the leading reactive k»a, 
per kw. input. For mducticm motors or a load with lagging power factor, the figures show the 
lagging reactive kva. per kw. energy load. 

Example . — Refer to table on page 2,409 Assume improvement desired by subetituticm 
.8 power factor synchronous motor for induction motors. For each kw. load driven by indue* 
tkm motors operating at average power factor of .6, the table shows there is 1.333 lagging 
reactive Are .For each kw. input in .8 power factor synchronous motor, the table shows a leading 
reactive kva. of .75, If .8 power factor synchronous motors replace .6 power factor induction 
motors, each kw. in sjmehronous motors reduces the lagging reactive kva. 1 .333+ >75 *2,033 kva. 
The total reduction necessary to improve the power factor is shown by table on page 2.409 
to be 84.9 kva. The capacity in .8 power factor synchronous niotor required is 84.9 4*2.033 * 
40.8 kw. A 50 k.p . — .8 power factcM' motor should be recommended. 
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without the use of some corrective device, but, before installing 
devices to supply it, the magnetizing kva. should be reduced 
to the minimum. 

There are two kinds of corrective device used to correct the 
power factor: 

1. Synchronous condenser; 

2. Static condenser. 

The choice between these two types depends on the conditions in the 
industrial plant. Th<^ substitution of a few comparatively large syn- 
chronous motors in place of induction motors, where conditions are suit- 
able, often is the most economical method of improving the power factor. 

The usual application is met best, by the simple squirrel cage induction 
motor, but it is common practice to obtain the desired power factor for 
the plant, by installing a few synchronous units, or static condensers, 
whichever be better adapted to local conditions. 

Selection of the Corrective Device. — ^As before stated there 
are two types of equipment available for correcting low power 
factor: synchronous condensers and static condensers. 

In general, the characteristics of each type make it better 
suited to specific classes of service, and for every individual 
application one type. or the other is preferable. 

Tho choice is usually one of relative economy, although in some cases, 
service conditions are the determining factor, as, for example, where the 
requirements for mechanical drive indicate definitely synchronous con- 
densers, or on the other hand, where provision must be made for expansion 
at a future time, in which case, static condensers are jnore suitable. 


The selection for any particular application is best made by 
calculating the net return on the investment required for' each 
type of equipment. This involves determining: 

1. First cost: 

a. Equipment including necessary accessories. 

b. Installation exoense. 
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2. Operating cost: 

a. Power cost Gosses in equipment) . 

b. Carrying charge, including maintenance, interest and depredation. 

3. Gross return: 

a. Reduction in power bill. 

b. Saving in power loss. 

c. Improvement in production due to improved voltage conditions. 



Fig. 4.254. — Curves showing determination of static condenser required to give desired cor- 
rection in power factor. Follow horizontal line corresponding to present power factor of 
load until it intersects curve representing power factor desired. TTie vertical projection ol 
this intersection on the base gives the size of condenser required in per cent kw, load. 
Example . — Load 300 kw . Present power factor 60 per cent; power factor desired 90 per cent . 
Projection of intersection of 60 per cent power factor line with 90 per cent power factor curve 
gives desired condenser as 84.9 per cent of 300 kw. or 255 kva. 

These factors all vary, most of them over a wide range, in 
different installations. No general rule can be given. There 
are, however, broad tendencies which give an idea ot the gen- 
eral fields of application. 

1. First cost: 

a. Static condenser equipments are made up of tmits, and therefore, 
the cost per kva. is nearly the same for all sizes. Synchronous omdensat, 
on the ''ther hand, cost far less per kva. in the large sizes than in the small 
size* 
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b. The unit construction of static condenser equipment affords easy 
handling without special equipment and with few men. The foundation 
required is less expensive than for the synchronous condensers^ since the 
only requirement is to support the dead weight. 

In general, from the standpoint of first cost, the static con- 
densers show up best in the smaller sizes and the synchronous 
condensers in the larger sizes. 

2. Operating cost: 

o. The power loss in a static condenser is approximately .5% except 
where transformers are required, when the transformer losses, carrying 
from 3% in the small sizes to 2% in the large sizes, must be added. The 
losses in a synchronous condenser vary from 10% in the small sizes to 3M% 
in the large sizes. For the application under consideration, the cost ol 
these power losses should be figured at the prevailing energy rate and for 
the normal hours of operation to give the total yearly cost. 

b. While the attendance required for static condensers is somewhat less 
than for synchronous condensers, it may be assumed, with at most a small 
error, that a yearly charge of 15% represents a normal carrying charge 
for either equipment. 

Here again the static condenser appears to better advantage 
in the smaller sizes and the synchronous condenser in the. 
larger. 

3. Gross return: 

a. For each application the reduction in the yearly power bill must be 
determined from the anticipated load and the rate schedule in fcxrce. 
This item should be the same for either type of equipment. 

b. In some cases appreciable savings result from reduction of the line 
loss between the meter and the corrective equipment. Except in cases 
where the two types would be placed in different locations relative to the 
meter, this item would be the same for both. 

c. Improper installation (as where load has been added without in- 
crease in the size of the transfomier or of the supply wiring, or where the 
low tension leads are long) causes the line voltsfge regulation at the motor 
to be poor. In operations requiring frequent stmting or stopping of the 
motor, or where the motor load varies over a wide range, this may have 
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a radical ^ect on production speed. These conditions can be improved 
by power factor oorrection through the use of either type of equipment. 
The only difference between the types would arise from a difference in 
location. 


From the data secured by this method, the amount of in- 
vestment required and the net return on that investment, can 




pen CENT LOAD PER CENT LOAD 

Figs. 4,255 and 4,256 — Westinghouae diagnma showing application of low voltage static coo* 
densers to induction motors. Fig. 4,255, results when a 4 and 8 kva, static condenser it used 
with 20 h,p. three phase 60 cycle. 8 pole, 220 volt squirrel cage induction motcv; Ag. 4,256, 
results when a 1, 2 and 3 kva. static condenser is used with stSh p. three phase, 60 cycle, 
6 pole. 220 volt squirrel cage induction motor. Application: Low voltage atatic oondenaeit 
may be applied on any circuit where power factor correction is necessary, being limited <Mi]y 
by the initial cost as compared with the initial cost of group connected 2300 volt condensers, 
plus transformers. The most favorable applioitions for low voltage atatic condensers are, on 
individual feeders, which are running hot, due to the poor power factor of the loads, and on 
Isolated induction motors, with poor power factors. 


be determined for each type of equipment. This will ffve a 
basis for determining the most economical type of equipment 
to use. Also, it is necessary to take into account, in addition 
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to the consideraticms of economy, the differences between the 
characteristics of the two types that may make one <»: the 
other better suited for use in some particular application. 

Synchronous condensers provide a ready means for adjust- 
it^ the amount of the corrective kva. in response to the chajiges 
in the load conditions, and therefore, meet some conditioiK 
of installation better than static condensers. 

Static condensers usually are provided in assemblies of 
fixed corrective kra. although in the larger sizes some adjust- 



FkC. 4,257. — ^Field of a synchronous condenser. Note the amortis§€ur winding, errontous/y 
called 9guirr9l cage winding, consisting of two end rings which serve to short circuK 
spokes passing through the pole tips as shown. The amortieeeur winding assists in 
etarting and strses also as a damping device to minimise hunting. 


ment by comparatively wide steps can be secured. It is pos- 
sible in special cases to provide for closer regulation by the 
addition of accessory equipment. 

The function of condenser and mechanical drive can be com- 
bined in synchronous condensers, but not in static condensers. 

In many cases it is an advantage to distribute the corrective km, over 
the system in a plant, or over a large system in a city. This can be done 
ivithout loss of economy through the use of static condensers, because of 
the uniformity of price per koa, and the efficiency of all sizes. Therefore, 
it is necessary, in any complete economic analysis involving this equip- 
ment, to have established the amount of the investment, a certain 
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percent^ for the fixed charge, a schedule for opoatkm, an energy iste 
and maintenance cost data. 

Curves showing the fields of application for syndmmous 
and static condensers are given in 4,238. 

Synchronous Condensers . — A synchronous motcn* when suf- 
ficiently excited will produce a leading curretU, that is, ‘When 
over excited it acts like a great condenser, and when thus op- 
erated on circuits containii^ induction motors and similar ap- 
paratus for the purpose of improving the power factor it is 
called a synchronous condenser. 

Although the motor performs the duty of a condenser it pos- 
sesses almost none of the properties of a static condenser 
other than producing a leading current, and is firee from many 
of the inherent defects of a stationary condenser. 

The relation of power factor to the raze and efficiency of 
prime movers, alternators, conductors, etc., and the value of 
synchronous condensers for improving the power factor is gen- 
erally recognized. 

Assuming that everything that is feasible has been done in aj^dying 
induction motors with a view of obtaining hi^ power fector and ttat 
the power fector is still unsatisfectory, synchronous motors, if applicable, 
generally prove to be the most economical and effective means of bringing 
about the desired improvement. 

The application of synchronous motors is not so well understood as the 
application of induction motors, and therefore, it would be well to discuss 
some of the more pertinent factors regarding chaiacteristicB, fields 
application, and types or lines available. 

Such marked improvement has been made in the starting characteristioB 
of synchroix>d8 motors within the past few years, that, as fer as starting 
is concerned, synchronous motors can now be consider^ for any applica- 
tion where sqtdrrel cage induetkm motors are satisfactory. 

The pull-out torque of a synchronous motor varies directly 
with the voltage, while the maximum running torque of the 
induction motor varies with the square of the voltage. 
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Uader starting conditions, howevw , the starting torque and pull-in tmque 
vary with the square of the voltage, the same as with induction motors. 

Synchronous motors can be desigi^ for unity power factor 
current in phase with the voltage, or for leading power factor 
current leading the voltage. 



FkO, 4,258.-— Comperiton of the speed current curves and soeed power factor curves cil a 
tsrpica) sjoichroiious and induction motor. 


It should be understood, however, that the leading power factor syn- 
chronous motor is inherently more expensive and less efficient than the 
unity power factor synchronous motor, and for this reason, it is to the 
user's advantage to use unity power factor synchronous motors where 
the desired power factor improvement can be obtained by their use. The 
same applies to .9 power factor motors, as compared to .8 power jEiactor 
motors. 
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It may be found that .9 power factor motors will give the desh^ factor 
ktmrovement and the user will usually benefit by a lower price and a higto 
cffidencv than if he had purchased a .8 power factor motor. 


It is customary to operate synchronous motors with the 
field excitation held constant at the value corresponding to 
nocmsd full rating as regards output and power factor 


POWER transformer 
POTENTIAL transformer 
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FiG. 4,259. — Wiring diagram of equipment for holding constant power factor. 


Under these conditions of operation, the characteristic of the synchro- 
nous motor is such that for loads less than normal, the amount of leading 
reactive kva, available for improving the power factor is greater than at 
full load. This is an important asset of the synchronous motor as 

NOTE.— ^Sirnclironoui condensers should be considered for power factor improvement 
when the amount of leading reactive kva. required is 300 kva. or more arid where &ia can be 
applied to advantage at one point. Generally speaking, static condensers can be used to 
better advantage where the leading reactive Asa. requir^ is less than 300 ksa* There k no 
well defined line where static condensers should be used and where synchronous oondenaers 
should be used, and even where the capacity involved is in the order of 1000 Are. static con- 
densers may suit a particular application better than a synchronous condenser while a ayn- 
chionous condenser might fit another application better than' the static condenser wbera 
capacities of teas than 300 Asa. are involved. 
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com{»red to the compensated or synchronous induction motor, which has a 
characteristic such tl^t the leading reactive km. decreases with the load. 


The curves shown in fig. 4,260 illustrate what might be 
expected of different types of synchronous motors. 



PER CENT OF NORMAL SHAFT H.P. 

fic. 4,2e0-— Curve# for synchronous motors; reaction kva. available for power factor cor- 
rection av different k.p. outputs. Assume motor field current is held constant at normal 
value. These curves are ba^ on average values and therefore are approximate. 1, 1 pj, 
belt dnveti motors; 2, .8 p.f. belt driven motors; 3. I p.f. air compressor motors; 4, ,8 p,f. 
motors of 50% overload MG sets: 5, .85 p.f. motors of continuous rated MG seU, 


Synchronous Condenser Calculations. — In figuring on the 
installation of a condenser for correcting power factor troubles, 
a careful survey of the conditions should be made with a view 
of determining just what these troubles are and to what extent 

NOTE.— rha prineipul advantage of the agnchronoue eondeneer are: 1, Low tint 
cost; 2, Inherent characteristics which tend to stabilise the voltage; 3, Easy adjustment of 
the leading reactive koa. supplied; 4, Possibility of applying the synchronous condenser in 
conjunction with a voltage regulator to naintain constant volta^ at a given points The 
darndvantages at compared to a ocmdenser are: 1, greater losses; 2, higher attendance: 3, higher 
mainlrnence cosu 
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they can be remedied by the presence of a leading current in 
the system. 

It is necessary to possess a thorough knowledge of the sys* 
tem, covering the generating capacity in energy and av- 
erage and maximum load, and power factor on the zdtemators. 



The desirable location of a condenser is, of course, nearest the inductive 
load in order to avoid the transmission of the wattless current, but it 
often happens that a system is so interconnected that one large oondeoBer 
cannot eooiKHnically meet the conditions, in which case it may be be^ 
to install two or more smaller ones. 


NOTB.‘^3tfnehronoii» eondentert can be made to operate aiitomatically, altbough thia 
iovolvea a more expemive control equipment. The big field for eynchronout condenaeri 
b in main dbtributing subetations. p^kularly thoee connected with large power eyateme, 
wiiera it b deeirad to maintain vbltaee, and in larger induetria) pbnts which require a con< 
aiderabb amount of leading reactive See. and better voltaie regubtioo. 
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The question of suitable attendance should also be considered and, for 
this reason, it may be necessary to compromise on the location. 


When the location of the condenser has been decided upcm 
and the load and power f^tor within its zone determined, the 



Pro. 4,262. — Curves showing amount of wattless component lequired to raise the power 
factor of a given kw, load to required hi^ier value. The wattlese components are exprsMad 
aa percentagea of the original kw. load. The numbers at the right which indicate the 
pc^ta of tangency of the power factw curves to the 100 pM* cent, line, show the amount 
el wattless component required to raise a given ktu. load of given lagging power factor to 
unity power factor. Obviously the addition of further wattless component in a given case 
would result in a leading power factor less than unity. 

proper size of condenser to raise the power factor to a given 
value can be found in the following: 

Example . — ^Assume a load of 450 kw. at .65 power factor. It is desired 
to raise the power &ctor to .9. What will be the rating of the condenser? 

Referring to the diagram, fig. 4,261, it is necessary to start with 450 
kw. At .65 power factor, or 692 kva., this has a wattless lagging oona- 
ponent of ^692*— 45C^»525 kva. With the load imchanged tmd the 
powtt* hictcnr raised to .9, th ere will be 500 apparent kva.. which will have 
a wattless component of v'500*+450*— 218 kva. 
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It is obvious that the condenser must supply the difference between 
525 /nfa, and 218 kpa. or 307 iba. A 300 kva. condenser would, there^ 
fixe, meet the requirements. 

If it be desired to drive some energy load with the condenser and still 
bring the total power factor to .9, proceed as indicated in fig. 4,263. As* 
sume a total load of 150 kw. on the motor. As before, 450 kw. at .65 
power factor, or 692 kpa., with a wattless component of 525 kva. 



Fig. 4,263. — Diagram for synchronous condenser calculation for cases where it is desired to 
drive some energy load with the condenser and still bring the total power factor to .9. 


NOTE . — A desirable eharaeterietic of the eynehronoue motor is its tendency to 
stabilise the voltage. Under conditions of high voltage, the leading reactive k$e. decreasea 
and, under conditions of low voltage within reasonable limits, the leading reactive kre. in^ 
crehsea. The inherent characteristics of the synchronous motor, therefore, tend to hold a 
constant voltage. The price of synchronous motors becomes more favorable as compared to 
induction motors as the ratings increase and aa the Speeds decrease. From a price standpoiilt. 
s]mchronoua motors are not generally considered in ratings of less than 30 k.p. while fot km- 
spebd applications 100 kea. to 400 r.p.m. the synchronous motor has a legitimate held regard- 
Im of the power factor problem. Since low speed induction motors have an inherently low 
power factor and lequtre a large amount of lagging reafetive kea. it is evident that the gmlest 
faenehts are obtained in power factor iroprovemefit by the use of low speed synchronous mocon 
in place of low speed induction motors. The foregoing remarks give a general idat of dm 
fielde of application of the aynchronoua motor. 




woo 
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Hg. 4p264.— Chart showing the relation of energy load to apparent load and wattleaa com* 
poneota at diffeient power factors. 


The Standard 300 koa, condenser would evidently raise the power factor 
B&ightly above .9 power factor leading. 

By reference to the chart, fig. 4,264, the size of the required condenser 
can be obtained direct without the use of the above calculation. The 
method of using this chart is as follows: Assume a load of say 6,000 kw, 
at .7 power foctor and that it be desired to raise the power foctor to .9. 
Run up the vertical line at 3,000 kw. to the .7 power factor line, and from 
there along ^ hodzontal line to the margin and find a wattless com- 
ponent at this power factor of 3,000 approximately. run up 
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tibe 3,000 kw, vertical line to the .9 power factor line and from them along 
the horizcmtal line to the margin and find a wattless component of 1,509 
km. The ratii^ of the condenser will then be 3,000 km.^ 

1,500 km. This table of course can be used for hundreds of kilowatts 
as wdl. 

For determining the rating of a synduxmous motor to drive an enagy 
load this chart is not ro valuable, althougb it can be used .. determining 
the wattless component direct in all cases where the energy component 
and power factor are known. Knowing this energy component and power 
frictor or wattless component, the energy load can obviously be found 
by referr^ to the curved lines on the diart, the curve ^t crosses 
the junction of the vertical eneigy line and the power factor or wattless 
component line giving the total apparent kva. 

Static Condensers. — ^By definition a static condenser is a 
dmce that stores up electrostatic energy by subjecting the insula- 
turn or the dielectric, between two conducting elements, to a voltage 
i:*ress. 

When the voltage applied to a condenser is increasing, energy is being 
stored, and when the voltage is decreasing, energy is being returned to 
the circuit. When an inductance is connected to the line, electromagnetic 
energy is stored, but this storage of energy takes place at a different time 
from that of electrostatic energy. 

The current taken by a perfect inductance is 90^ lagging, while the 
current taken by a perfect condenser is 90** leading. The static condenser 
therefore acts as a storage tank, receiving the electro-magnetic energy 
as it is returned to the line and supplying it back to the motor as need^, 
thus confining the wattless current to the portion of the line between the 
condenser and the load, and avoiding its transmission over the line. The 
power factor of the line between the condenser and the load, and the 
power factor of the load remain unchanged. None of the operating con- 
ditions of the motor are changed, other than a possible improvement in 
performance, due to better voltage regulation beixig maintained at the ter- 
minals of the motor. Synchronous condensers have played an important 
part in this held, but ^eir use is somewhat restricted to plants where 
they are needed in large sizes and where the attention necessary to rotating 
apparatus is not a serious factor. 

In order to meet the demand for cmrective devices lor 
smaller loads and to eliminate the high cost of installation and 
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attendance, the static condenser has been developed. Otha: 



advantages that 
may be mentioned 
are: 

1. No attendance 
is required. 

2. No special 
foundation is re- 
quired. 


Fig. 4, 266<— General Electric three phase static condenser. For 2,300 volt service it oonststs 
of a number of static condenser units, a reactance for dampening out the higher harmonics 
in the voltage wave which would affect the corrective capacity of the units, a discharge re> 
stance for draining the static condenser charge when disconnected from the line, and an 
oil circuit breaker for the control of the equipment. For 220, 440 and 550. volt service* 
transforming apparatus is also provided, to step up the supply voltage to 1,200 volts for the 
static condensers. The number of static condenser units included in an equipment is di- 
r^y proportional to the capacity required. The units are treated under vacuum to with^ 
draw ^1 moisture, immersed in oil. and the container then hermetically aealed to prevent 
possible absorption of moisture from the air. The uniu are mounted on a rack as shown 
in the illustration. They are connected in parallel across each phase, one terminal being 
connected directly to one leg while the other is connected to the ot>»r leg of the phase through 
a fuae. The purpose of the fuse is twofold. First, to provide protection for the units against 
the apsdication of an abnormal voltage; second, to provide a means of automatkalbr opening 
the connection of any unit to the bus on the rack in cam of failure of the unit, maiding it 
Ufinecessary to disoonnert the entire e.'iuipment. 
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3. Has no moving or wearing parts requiring replacement. 

4. Condenser does not ‘‘drop oft** the line if the voltage fail 
for a short time. 

5. Noiseless in operation. 

^Construction of Static Condensers. — ^Static condensers ate 
made in units containing systems of metal plates separated by 
dielectric material, so that energy is stored by the application 
of voltage to the plates. 

In order to conveniently subject the dielectric material to uniform volt- 
ages, it is divided into many sheets spaced with metal foil, altamate 
layers of metal foil being connected together to form terminals. 

Various numbers of sheets are used between the foil depending on the 
voltage. The koa, capacity of a given condenser is a function of the area 
of dielectric material and the voltage per unit thickness api^ied to this 
material. 

The working voltage per unit thickness has been determined by long 
investigation. Static condenseis are designed for indoor and for outdoor 
service. The outdoor condensers are enclosed in a weather protected 
housing. 

Calculatioiis for Static Condensers. — ^The koa. of static con* 
densers required to correct any given power factor to any desired 
power factor is entirely dependent on the kw. load of the plant. 

A condenser which would correct a 100 kw. load from 50% 
power factor to unity power factor would only increase the 
power factor to 76% if the kw. load became 200. 

Example — An industrial plant has an average load of 100 kw. and 
average power factor 45%. The power rates are such that a penalty is 
imposed for power factors below 85% and the penalty is sufficient to 
wanant the installation of power factor correcting apparatus; that is, the 
anniud saving by correcting the power factor should more than offset the 
interest, upkeep and depreciation of such equipment. 


*NOT£.*-Tltto deacriptkm rdatea to Weftinshouae type LD static condenaer for poirer 

factor conrection on 60 cycle circuiu. 
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Sxample^^Pment load*100 kw. at 45% power factor. Desired 
power £act<«*-85%. 

Prewnt Am. - ^ -222 Aw. 

.45 

Present reactive kva, - V222^ — 100» * 196 kva. 

100 

at desired power factor — —« 117.8 kva. 

Reactive kpa. at desired power factor - V 117.8* — 100* -61.6 k9a. 
Corrective effect needed -198 —61.6-136.4. 

Size of standard condenser - 150 kpa. 



4.267. — ^Diagram for power factor ixmection as eiplained in the accom pan ying eaannile. 

In some cases it may prove profitable to correct the power factor up 
to unity, but in the present case all that is desired is to correct the power 
factor to 85%. At 45% power factor the total kva. is 222 and accordingly 
the power transformer must be sufficiently large to take care of it. 

The reactive, or wattless kpa. is the vector difference between 222 and 
100 or 198 kva. 

At 85% pxSwer factor the total kva. will be 117.8 which shows that the 
customer’s transformer capacity can be practically cut in half. The watt^ 
less kva. in this case will be 61.6 so that the necessary corrective effect 
to change the load from 45% to 85% power factor will be 198 minus 61.6 
or 136.4 kva. The proper size of static condenser would, therefore, be 
one of a 150 kva. rating. Obviously the new power transformer mting 
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should XK>t be less than 150 koa. which is 
the continuous demand of the static con- 
denser alone. 

When the condenser hm. has been 
determined fca* a given ocmdition, 
the power factor correction will 
change as the load chan^^. The 
load may change by addition of mo- 
tors or by increase of the load on 
the motor already in (^ration. The 
change in the latter case is depend- 
ent upon the characteristics of the 
moUM*. When the load is changed 
by the addition of motors having 
the same power factor as the first 
one, the conditions will change ac- 
cording to the table here given. 


Example , — ^Assume a plant with thirty 
motors of .hve kw. each, all having a 
power factor of 50% when running. On 
an average but twenty of these motors 
are in operation at one time giving a load 
of 100 Jktv, at 50% power factor. To 
cmrect this load to a power factor of 85%» 
llS^a. of condenser is required. When 
occasionally, all thirty motors are run- 
ning, the load will be 150 kw. and the 
power factor will then drop to 72% and 
when but ten are in operation, die 
power factor will become 90% leading. 


Data Required for the Application 
of Static Condensers. — In contem* 
plating the installation of a 





Plot. 4«268 and 4;S69.-- Wiring diacramt for 2,300 volt atatic condaam. Fig* 4,26B» tM 
pinae; fig* 4,260, three phaae. 

fte. 4JW0 and 4,271.— Wiring diagramfi for 220, 440 or 550 voli eUtic con d a na e Bi tfBifii 
imufyfmmt. Fig. 4,270, two phaae; fig. 4,271, three phaM. 
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4. Actual average voltage in i^ant; 

5 Maximum sustained voltage for periods of at least one half hour; 

6. Frequency and number of phases; 

7. Hating of the power transformers; 

8. Is the plant at the end of a long feeder or is it located near the center 
of an industrial district? 

9. Is any future increase over the present load contemplated and if so 
how much? 

10. Are there any machines, such as compressors, in the plant to wfaidi 
synchronous motors can be properly applied? 

11 . Does the plant operate at normal capacity twenty-four hours a day? 
If not, what are the load conditions during the night? 

12. Is the load subject to seasonal changes and if so to what extent? 

13. What is the approximate short circuit current possible at the pomt 
where the static condenser is to be connected? 

Th]p information is necessary for the selection of the circuit breaker* 

For long lines, where charging current is a factor at light 
loads, the static condenser can be divided into two sections 
with one unit installed at the receiving end of the line and the 
other at the generating end. 

Thus the charging current of the line through the static condenser at 
the generating end gives a drop in voltage equivalent to the rise in voltage 
over the inductance of the line. 

In case there be branch circuits tapped from the line, the total capaci- 
tance may be split up into sections located just ahead of each tap off pomt 
to hold the voltage at these points at a pre-determined value. Further- 
more, the stability of a long transmission line can be materially increased 
by the installation of a series static condenser because its oompensatkm 


NOTE.— Cdnfrol apparatus raquired for mtailc eondensers. No additional twitches 
or protective devices are required where the individual static condenaer is connected directly 
to the motor terminals, inside the motor and protective device, since it is protected by the 
motor control device and discharges through the motor windings when the motor line is opened 
The combination of a static condenaer and squirrel cage induction motor makes an eaceedin^ 
satisfactory high power factor unit. Its price generally is less than that of a synchronous in- 
dtictian motor. The unit is much more efficient than a synchronous induction motor and in 
strength, simplicity, ease of operation, and maintenance cost is superior to all other motors. 
Where atmospheric conditions preclude the use of motors with collector rings, the squirrel 
tags motor with a atatir toadenscr is particulariy adaptable. 
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of the inductive reactance enables a greater load to be carried over die 
line before the load limit is reached. 

The application of static condenser equipment to overhead lines of low 
voltage is equally attractive. Heretofore, very little improvement in 
voltage regulation was obtained by increasing the size of ocmducton 

f 


f 



Fig. 4.272.^Intemal awembl 3 r of Genaral Slactrk 415 ira., 3.17D volt ail^e |4iaie tndm 
static oondenaer mounted on inaulatmg rack for 33 Am. line voltage. 

beyond a certain limit, because the controlling factor was the inductive 
reactance of the line. With the addition of a static condenser, howevejr^ 
the cornier may be increased in size until the gnomic limit of copper is 
reached. Thus it is possible to use low cost line construction in su^ying 
large rural sections with electric power. 
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Static CmidMiaer. — ^The use of a aeries static con* 
denser, that is, a static condenser in series with a transmission 
line to compensate jor transmission line reactance is a new »!• 
Vance in electrical o^gineering, for the practical applicatkm of 
such a static condenser has presented probtems that, until 
recently, had been umolved. 
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the over all voltage characteristics can be made to approximate 
tlmse which would exist if resistance only were present. 

Figuratively, the static condenser eliminates the element of distance in 
power transmission and gives the same voltage condition at the receiving 
end of the line as if the alternator were directly connected to the receiver 
bus, except of course, for the eftect of line resistance. The magnitude of 
the line current is not changed. Thus, by utilizing a static condenser, 
approximately the characteristics of dx, transmission can be obtained and 
the advantages of the ax, system retained. For short lines, the static 
condenser can be located at any point in the line with the same net over all 
results. 



PfG. 4,275.— G«ficnl Electric eioi^ pbiee. atsembly of eeriee etetSc condeocer. 
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TEST QUESTIONS 


1. What is a condenser 

2. What is the effect of induction, and of capacity iri 

a circuit? 

3 . What effect has an induction motor on the circuit? 

4 . What happens with a low, lagging power factor? 

5 . Describe the effect of fully loaded and lightly loaded 

induction motors on the power factor.- 

6. What is the advantage of improving the power factor? 

7 . What is the cause of low, lagging power factor? 

8. How is the power factor improved? 

9 . Name two kinds of condensers used to improve the 

power factor. 

10. What governs the choice between synchronous and 

static condensers’’ 

11. Describe in detail the synchronous condenser. 

12. Which is the more expensive and less efficient, a 

condenser designed for unity power factor, or 
leading power factor? 

13. How is the field excitation regulated by synchronous 

motors? 

14. Explain in detail synchronous condenser calcula- 

tions. 

15 . What is a static condenser? 

16. Give calculations for a static condenser and describe 

its construction. 
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17 . WhcU data AS required for the app^lication of static 

amdensers? 

18 . What is a series static condenser? 

19 . Explain the application of a series static condenser. 
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CHAPTER 79 

A. C. Voltage Regulators 

Voltage r^ulaticm is one of the important factors in pro- 
viding satisfactory electrical service, the aim of every utility 
company. It presents a vital inoblem, both to the engineer 
who designs, as well as to the one who operates the system. 

While h^ efficiency in the conversion of energy in the coal 
or waterfall to electric power is essential for the economical 
operation of the plant, it is in many ways secondary in im- 
portance to the voltage regulation of the system, as poor volt- 
age regulation affects the quality of service and may seriously 
impair its commercial value. 

Some of the results of poor voltage regulation may be: low candle power, 
or high lamp breakage; insufficient development of heat in electric house- 
hold appliances; the capacity, speed, lemperature, and starting torque of 
motors may be affected and otherwise unsatisfactory service may b^me 
a burden to the apparatus and to the patience of those depending on it. 
Maintenance of voltage at its normal value by automatic induction voltage 
regulators not only corrects these conditions and improves the service 
rendered the consumer, but makes it possible for the utility company to 
effect economies in the operation of the system, and to derive the revenue 
anticipated at the time the system was laid out. 

Voltages higher than normal result in increased transformer core losses 
and increased lamp renewals. 

Voltages lower than normal result in revenue losses and dissatisfied 
customers. 
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Close voltage regulation, not only permits the utility com' 
pany to provide satisfactory service for the consiuner, but it 
also makes possible economies in operation which would other' 
wise be unattainable. 

Electric appliances used in the hous^old are designed for most efiident 
o — — ■ — ■ . ■ - - — c 



Fig..4,276. — ^Diagram illuairaling the principle of irulUction voltage ragulatare. The pwi^ 
niary coil P. ctmst^ing of many turns of fine wire, connected across the main conductors 
C and D, coming from the alternator. The eecondary coil S, consisting of a few turns of 
heaey wrret is connected in senes with the conductor/I>. The laminated iron core £, mounted 
within the coils, is capable of being turned into the position shown by the dotted linea. 
When the core is parallel with coil P, the magnetic lines produced in it by the primary ooU, 
induce a pressure in the secondary coil which aids the voltage; when tun^ to the poaitioa 
indicated by the dotted lines, the direction of the magnetic lines of force are reversed with 
respect to the secondary coil and an opposing pressure will be produced therein. Thus, 
by turning the core, the pressure difference between the line wires G and H. cam be varied 
so as to be higher or lower than that of the main conductors C and I>. Hegulators oper^ 
ating on this princi]:de may be used for theatre dimmers, as controllers for series lighting, 
and also to adjuat the voltage or the branches of unbelanced three wire sibgle phase aid 
polyphase systems. 
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operation at a definite pr^etermined voltage. Their operation at a 
voltage other than normal impairs the service, increases the cost to the 
consumer, and reduces the revenue to the operating company. 

A large per cent of the regulators now in use are for the 
automatic voltage control of feeder circuits taking power 
from bus bars having practically constant voltage. 

The regulator is used to automatically increase or decrease the voltage 
of the outgoing feeder so as to compensate for the variable line drop or 
variable bus voltage and thus maintain a constant voltage at the center 
of distribution of the particular feeder. 



Pig. 4, 277 .--Curves showing vmriation of wattage and candle power with voltage for Maada 
lamps. The curves sliow that a slight variation in voltage seriously affects the performance 
of the lamp. For oxamptm, a 2% dtx>p reduces the candle power to 93 of normal and 
the wattage to 96 of normal. 

Kegulators. — In supplying lighting systems, where the load 
and consequently the pressure drop in the line increases or 
decreases, it becennes necessary to raise or lower the voltage of 
an alternating current, in order to regulate the voltage de- 
livered at the distant ends of the system. This is usually 
accomi^idied by means of an aUemating current regulator. 
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There are two types of voltage r^;t;datX3r: 

1. Induction regulator. 

2. Load ratio control transfonn^. 


Ques. Of what does an indnction regulator eauMT 


Ans. It consists of a primary winding or exciting coil, a 



— ^Z20V0US— >1 


Kig. A.27S. — ^Diagram of inductkm regulator rmiaing thm voltage 10%. tn the diagram m 
« alternator ia supplying 100 amperes at 2,200 volts. The regulator raises the feeder pressura 
to 2.420 volu, the current being correspondingly reduced to 91 amperes* the other 9 amperes 
flowing from the alternator through the primary of tljc regulator* back to the alternator * 



h"-“22OV0US-H 


Fio, 4,279. — Diagram of induction regulator lowpering the voltage 10%. Thedtagram ehama 
the regulator lowering the feeder pressure to 1,980 volts with an increase of the seomdary 
current to 111 amperes, the additional 11 amperes flowing from the feeder, through the 
primary back to the feeder. 
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Qwm. Wkat is its piadple ol operatfSB? 

AOS. Whea the immary coil is turned to various positions 
the magnetic flux seat through the seomdary coil varies ia 
value, thereto causing corresponding variation in the secondary 
vottafe^ the character of vrfaich depends upon the value and 
direction of the flux. 



COILS secimccY 

SRACCD BY 
INSULATED 
STEEL RINGS 


BOTH INNER ANDl 
OUTER COILS 
HELD IN PLACE 
BY SPACERS 
CORDED TO THE 
COILS 

OIL 

inlets 


4,280. — General Electric induction vdtage regulator oonatruction 1. View 
bracing of stalor coils on polyphase regulators. 


Ques. What is the effect of turning the secondary eoU to 
the neutral position at right angles with the primary ceil? 

Ans. The iximary will not induce any voltage in the sec* 
ondary, and accordingly it has no effect on the feeder voltage. 

Ones. What are the effects of revolving the prinuuy cett 
from the neutral position first in one direction then in the 
other? 
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Ans. Turning the primary in one direction increases the 
voltage induced in the secondary, thus increasing the feeder 
voltage like the action of a booster on a direct current circuit 
while turning the primary in the opposite direction from the 
neutral position, correspondingly decreases the feeder voltage. 


Ques. It was stated that for neutral position the primary 


FO«M ^UNO COILS HELD IM SLOTS 

BY Banding wiqc 



SLOCKING BETWEEN 
COIL6 TO PREVENT 
OtSTORTION 


HEAVY SANDS OUTSIDE OF 
COILS AND EXTENDED 

flanges under coils 

PREVENT distortion 
AND buckling 


Fto. 4,281 .—General Electric induction vdtage regulator construction 2. View 
bracing of rotor coils on polyphase regulators. 


had no effect on the secondary; does the secondary have any 
effect on the feeder voltage? 

Ans. The secondary tends to create a magnetic field of its 
own self-induction, and has the effect of a choke cml. 


Ones. How is this tendency overcome? 
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Ans. The primary is provided with a ^ort circuited wind- 
ing, placed at right angles to the exciting winding. 

In the neutral position of the regulator, this short circuited winding 
acts like the short circuited secondary of a series transformer, thus pre- 
venting a choking effect in the secondary of the regulator. 

♦ 

Ques. What would be the effect if the short circuited 
winding were not employed? 

Ans. The voltage required to face the full load current 
through the secondary would increase as the primary is turned 
away from either the position of maximum or minimum reg- 
ulation, reaching its highest value at the neutral position. 

The short circuited winding so cuts down this voltage of self-induction 
that the voltage necessary to force the full load current through the sec- 
ondary when the regulator is in the neutral position is very little more than 
that necessary to overcome the ohmic resistance of the secondary. 

Ques. What effect is noticeable in the operation of a single 
phase induction regulator? 

Ans. It has a tendency to vibrate similar to that of a single 
phase magnet or transformer. 

Ques. Why? 

Ans. It is due to the action of the magnetizing field varying 
in strength from zero to maximum value with each alteration 
of the exciting current, thus causing a pulsating force to act 
across the air gap, which tends to cause vibration when the 
moving part is not in perfect alignment. 

Methods of Operation. — Induction voltage regulators may 
be operated by hand, either directly or through a sprocket 
wheel and chain, by a hand controlled motor, or automatically. 
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If motor opexated with hand control, the motcn: may be of the 
phase «.c. type, although the polyphase a.c. motor is preferrad. 

If autoinatically operated, it is even more advisable to use the poly* 
phase typi^, as the siiigle phase motor is not well adapted for this purpose, 
siaoe, Ibr tte same characteristics, the armature of a sin^e phase motor 
has approodmatdy twice the weight and twice the inertia of an atmatura 
of a polyphase motor. T^is increases the over running of the regulator 
and ate its tendency to hunt. Furthmnore, the commrtator and brushes 
of a sinije phase motor require considerable attention. 



P!ni. 4.282.— General Electric ooimectioa diagram for motor operated feeder indiictte voltiap 
tegulator uring three phase operating motor. 


When the regulator is motor operated, the motor is controlled by means 
of a small triple pole, double throw switch mounted on the switdiboaxti 
or in any other convenient location. Closing the switch one way or the 
odier will start the motor so as to operate the regulator to permit taising 
or lowering the line voltage as may be desired. When the correct line 
voltage is obtained the regulator may be stopped by opemng the awitdi. 

A limit switch is prodded which stops the movement of the r^pulator 
by opening the motor circuit as soon as the regulator has reached either 
es tw o e position, but which automatkally doses this circuit again la soon 
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at theitigulator armature recedes from the eatrsne positioii. The opmdioii 
of the switch in either limit position does not inleifm idth the mov essae i t 
of the in the opposite direction, which movement the o p eiator 

may produce by revershig the controlling switch. 


All induction regulators for motor or automatic operatioii 
are provided with a brake to stop the matoc as soon as tlie 
volt^ has been properly adjusted. 



Pto. 4 , 383 .— Geoenl Blactric torque motor brake for awtor ope rat ed nitcwuitie I ndac t ton 
TotUee regulator, etatioa type. 


This brake for all standard sizes is the magnetically released type which 
is nioiadess in its operation and prevents any other running of the motm*. 
The brake pressure is released simultaneously with the dosing of the op* 
erating motor circuit, consequently releasing the motor irom any load due 
to braking action. The opening of the motor circuit applies the hralm, 
p re v enting any further operation of the adjusting mechanism after the 
prc^ voltage has been obtained. A diagi^ of the connections for a 
sin^ phase regulator operated by a hand controlled tlnee phase motor 
is ahoim in fig. 4,282. Not only are the connections for die regulator, 
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indicated, but also the connections for the motor, limit switch, and for 
the reversing switch controlling the motor. 




Fia. 4,2»S,—ConaiectioM for operation of a three phaw regulator. 
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Flo. 4,286.^Rcla]r switch. iUt umt is for hsndUng the motor current inasmisA m this cbp> 
rent is too great to be handled by the contact making volt meter. This is a double pole, 
double throw switch elecfrically operated by two ax. magneu. li eonaiata ssssftfloHi 
of two double jxde contactors mounted back to back and mechanically interlocked, forming 
a double pole double throw contactor type switch for reversing the regulator motor. Tbs 
motor is caused to rotate in one direction or the other, depending on whether the vottaga 
of the feeder is to be raised or lowered, as determined by the closing of the main contacts 
on the contact making volt meter which controls the excitation to the relay magnet coils. 



Moqnet 

Coib 


Stationoru 

Contact! 

Movobie 

Contocti 


Pm. 4,287.— Wiling diagram of relay twitch. 
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AmiUsrie* for ladnctioB Voltege Regvlatora. — ^Automatically 
tqierated regulaUas do not differ from the motor operate^ 
regulators in so for as the r^[ulating itself is cxmo&raed, but 
it is neoessaiy to provide a set (rf amdiiaries for acoonqiliahiiig 



Pig. 4.288. — Contact making volt meter, it ooneleta of a solenoid and a laikinatad iroo 
core which » supported partly by a spring and partly by the current in the solenoid. This 
iron core is connected to one end of a lever which is pivoted at the center. Two oootacta 
are mounted on the lever equi-distant from the pivot. When the core is raised or knrered, 
one of the two contacts will make contact with the corresponding stationary contact mounted 
directly over it. thereoy closing the control circuit. side of a low tension altemating 
control circuit is connected to the contacts on the lever, and the other side is brought throu^ 
the energising coils of the relay switch to the stationary contacts. When the line voltage 
is normal the lever is horiaontal and its contacts are equi-distant from the stationary con* 
tacts. A variation in voltage either way from normal causes the lever to move* and it tha 
change eiceed the predetermined value for which the meter has been adjusted, one pnk 
of contacts will close. This energises one of the relay switch coils which in turn cknes the 
motor circuit causing it to move the regulator armature in a boosting or lowering direction 
depending on the variation in the line, until the predetermined line voltage is again aeatoced« 
Tlie contact making volt meter is very sensitive and reaponds quickly to voltage rhnn^ 
It is usually adjusted to operate the regulator whenever the lim voltage variee 1% dtbar 
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automatic operation. For the single phatw regulator the 
amdliaries consist of: 

E:xtcmai Resistance 


1. Rday switch. 

2. Contact-mahiag 

volt meter. 

3. Potential trans* 

f(»iner. 

4. Current trana* 

former. 

5. Line drop ccnnpen- 

sator. 

6. Positirm indicator. 


To Potential 
Transformer 

ViG. 4»289. — Coatact making volt metrr connectioDS. 

Fiq. 4,288 . — Text eoniinued. 

way from nonnaL In order, however, to prevent unneceeBary operation of not only thi 
meter but also of the relay awitch, motor, and regulator, caused by small intermittaot 
voltage fluctuations which it would be undesirable to correct, the meter ia provided with 
holdiog coils. These coils are connected m multiple with the relay awitch coils and am 
eneegiaed simultaneously with them, their effect being cumulative with that of the putt 
of the aotenoid whenever there is sufficient change in voluge to close the main ccmtacCa* 
This extra force is sufficient to keep the contacts closed until the motor has had tims to 
start and change the setting of the regulator. Chatteringof the contacts is thereby prevented 
and the life of the contacts is increased, particularly that of the relay switch cootacta, aiiioa 
these contacts are not called upon to break the starting current of the motor. A low vOltafs 
cutout ia also mounted on the meter so that if for any reason the feeder circuit ahould be 
Opened the regulator will rotate to the maximum lowering position instead of the nunrimmu 
boosing position as would be the usual tendency. In this way the possibUtty ia mvoMod 
of hnpmssing a higher voltage on the feedo* then desired when it is a^Un placed in aenriee. 
The low voltage cutout, however, can be adjusted so that the regulator will remain In the 
aeme peeitiem which it is occupying et the Unas the feeder is open^ if this be daeiiodU 
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Pcx* three phase regulators the same auxiliaries are irovided* with tba 
exception that two current transformers are included instead of one at 
for the single phase regulator. Diagrams of the connections for sinflto 
phase and three phase automatically operated regulators are shown in 
figs. 4,284 and 4,285. 

In order that the actual voltage at a distant point on a distributioQ 
system may be read at the station some provision must be made to com* 
pensaie for the line drop, that is to say. for the difference in voltage be- 
tween the alternator and the center of distribution. 

In order to do this a device which is known as a "line drop compen- 
sator*' is placed in the volt meter circuit as shown in the diagram, fig. 4,291. 

A line drop compensator consists of a variable resistance and reactance 
(each independently adjustable) by means of which, when used with an 



4.290 . — Lirui drop componoator, Vaed to reproduce in miniature the retistaiioe and 
reactance drops to a predetermined point in the line. The function of the compensator 
Is to lower the imprest voltage on the contact making volt meter used with an i^uctioo 
voltage regulator thereby causing the regulator to maintain normal voltage at this pire- 
determined point. It eonaiata of a resistance in series with a reactance, both being pro- 
vided with laps brought out to dial switches, so that the amount of resistance and reactance 
in ieriea with the current transformer can be varied independently. The dials are provided 
with 21 points, that is. 20 steps for both resistanoe and the reactance windings, each step 
being equivalent to 1 volt drop with 5 amperes flowing through the windings. Tbta voltage 
drop is, of course, proportional to the current so that if instead of 5 amperes it were 2.5 
amperes the voltage drop per step would be H volt. 


NOTE. — Tha potential tranaformar for energising the control coil of the contact 
volt meter used with induction regulators, should have such a ratio as to give 110 volts on the 
sseoodary with the primary connected across the line and the regulator in the neittral position. 

NOTE. — Standard instrument currant tranaformara sre used when it is desired to oon- 
psnsete for line drop. It is permissible to use the current transfonners for the operation of 
Indkating ammeters in addltioa to the regulator, but it is not reco m mended that tbiqr be mod 
iHtb the varioua tjrpn of watt meters as the volt ampere load would introduoe ertoia in t|M 
reading of such instrunients. 
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automatically controlled induction regulator, or with an alternator voltaga 
regulator, correct line drop compensation can be obtained at some pre- 
determined point on the feeder regulated regardless of the load or the 
power factor of the load on the feeder, provided, however, that the load 
is taken from the feeder at or beyond the point at which constant voltage 
is to be maintained. 

Polyphase Induction Regulators. — In the polyphase regu- 
lator, the excitation is produced by the combined action of 
fdiunt windings connected across the separate phases of the 


fiesisicf/ice /fmiance 



Vto. 4,291 . — Connectioim of line drop oompenutor when used with induction voltage ngu- 
lator. Induction regulators are usually employed to compensate for line drop in the feeder 
and to maintain normal voltage at some jx-^termined point of the feeder distant from tba 
■tatiotk. To accomplish this, the line drop compensator is used to reproduce in miniature 
the resistance and reactance drops to the predetermined point designated as the center of 
distribution. This is done by ^justing the ohmic and the reactive voltage drops acrose 
the compensator by means of the dial switches so that they will correspond to the ohidie 
and reactive drops in the feeder to some predetermined point, so that the voltage impressed 
on the contact making voltmeter will correspond to the feeder voltage at this point. Tha 
regulator, therefore, wiU be caused to raise or lower the voltaf e in the station in accordance 
with variatimis on the line and provide a means for holding the v^tage at the point on 
the feeder distant from the station for all conditions of voltage, load, and power factor 
within the limits of the capacity of the regulating equipment. 

NOTE.'^ff <s dmirabUt, in any system of distribution, to read the active voltage at Uw 
point of distribution, by means of the volt meters in the station. A oonpensator proper ooo- 
sista of a /ariable resistance and a variable inductance, and sometimes a current transformer. 
In wiring, the volt meter, instead of being connected directly across the secondaries of a prsa- 
aura transformer, has inserted in series with it, portions of the reatstanoe and inductanoe of 
the compensator. These are so connected that the drop in preesure acrow them will ba odpi- 
binad with that of the presaure transfonoer, ao that the volt meter reading indicatos tha pna- 
sura at the center ci dtetribution or end of the line. 
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system. The magnetiang flux produced has a practically 
constant value, but does not have a constant direction. The 
magnetic fleld is a rotating one, not an alternating one, as in 
the single phase type. All of the slots on the circumference 




no. 4,292 atMl 4,293. — Diagram of automatUs ooltapm regulator, luing llna drop eompon» 
omior. For ordinary installations the oompexuating winding on the alternating current control 
BMgnet is connected to a current transforroa’ in the mam feeder. A dial switch it provided by 
which the strength of the alternating current control magnet can be varied and the rag- 
nlaitor made to compensate for any desired line drop up to 15 per cent., aacocding to the 
tine requirements. Where the power factor of the load has a wide range of variation, n 
special line drop compensator, such as shown in fig. 4,293, adapted to the regulator would 
be desirable. The connections are readily understood by the diagram. The number of 
condenser sections which will prevent undue arcing at the relay contacts depends on the 
Gharacteristica of the exciter. They may be roughly estimated by allowing one section lor 
each 15 kw. capacity for exciters with laminated poles, and one for each 22 kw, capacity for 
encitets with solid steel poles. It is necessary tnough to have one condenser sectioa Jor 
each pair of relay contacts, and at timaa it becomes necessary to apply a doulde ssatto 
for aai^ pidr of contacts. In the lower figure the line drop compensator and oonnectioDa are 
npcoduced in mote detail on a larger scale. 
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of a polyidiase regulator armature are filled with the windings 
oi the various phases symmetrically arranged, and the sec- 
ondary or series winding is similarly arranged on the inside 
drcumference of the stationary core. 


The voltage induced in the 
secondary is due to the rotation 
of the flux produced by the com- 
bined action of the primaries. 
The voltages generated in the 
series windings of the various 
phases, are, therefore, of the 
same value and are constant for 
all positions of the armature. 


Fig. 4294 — Diagram of V.^'^gtinghouse automatically controlled primary relay; frcait view. Tfaia 
relay is connected through the compensator to the voltage transformer and is sensitive te 
volt^e changes of the outgoing ie^er. Under normal conditions the moving arm in the 
primary relay is horizontal. With a change in voltage the plunger in the relay cojl moves up 
or down and closes either the left hand or right hand set of contacts thereby causing the elec- 
trically operated secondary relay to close its contacts and start the operating motor in such 
direction as to lower or raise the voltage on the feeder as may be requir^ to correct the change 
and bring the voltage back to normal. 



The variation in the line voltage produced by the regulator 
is due to a phase displacement as shown grai^cally in fig. 4,295. 

Because of the rotation of a similar field produced by the current in 
the series coils, the currents in the shunt windings are constant, regardless 
of the position of the armature, for a given line current, and the currents 
in shunt windings are taken from the line or ddivered back into the 
system as the armature is rotated fr(»n maximum boost to maximum 
lower in the phase relation as represented by the seccmdary vdta^ 
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g^erated. This condition is due to the fact that the current in the aerial , 
winding (the line current) determines the direction of the voltage in the 
aeries or secondary winding. 

With the arrangement of the shunt windings necessary in the pol3rphaae 
regulator, the impedance of the apparatus is comparatively small without 
the use of the short circuited coil required in the single phase madhiiiiep 
and the total ampere turns of the primary are always equal to the total 
ampere turns of the secondary. This accounts for the currents in the 
shunt winding being out of phase with those in the series coils in any other 
than the maximum boost or lower positions. 



Fig. 4,295. — Diagram illustrating operation of polyphase induction regulator. Mn opsrvlion* 
when the regulator is in the potion of mazimura boost, the line AB, in the figure represent* 
the normal bus bar voltage, TO. the regulator voltage, and AC, the resultant feeder voltage. 
When the regulator volta^ is displaced 180 degrees from this position, the regulator is in 
the position to deliver minimum voltage to the feeder, the regulator voltage being then 
lepresented by BD, and the resultant feeder voltage by AD. ^en the regulator ^tags 
is displaced angularly in the direction Bf, so that the resultant feeder voltage AF, becomes 
equal to the normal bus bar voltage AB. the regulator is in the neutral position. Inter* 
m^iate resultant voltages for compensating the voltage variations in the f ee d e rs may ba 
obtained by rotating the moving element or primary in either direction from the neutral 
jpOMtion. For example, by rotating the primary through the angle FBE, the resultant 
voltage may be made equal to AE, or AJ , thereby increasing the feeder voltage by an amount 
BJ: or by rotatug it in the opposite direction through the angle FBG, the feeder woltaga 
may be reduced by an amount BH. 


Ones. How is the eimtrol apparatns arranged? 

Am. Two relays are employed with each regulator, a ptl* 
mary relay ooimected to the feeder circuit and operating under 
chances of voltage therein, and a secondary relay connected 
between the primary relay and the motor, and operated by the 
contacts of the former, for starting, stopinng and reverdng the 
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motor in accordance with changes in the feeder voltage, thereb:^ 
causmg the regulator to maintain that voltage at its predeter* 
mined normal value. 

Two relays are used b^use a primary relay, of sufficient 
accuracy and freedom from errors due to temperature and £re* 
quency variations, could not be made sufficiently powerful to 
carry the relatively large current requiredfor operating themotw. 

Ones. Wliat names are given to the relays? 



PliG. 4,296. Cj ene ra l Electric three phase inductioD voltage regulator. Cioee front view 
■howing operating nAechaniam. 

Ans. The primary or contact making volt meter, and the 
secondary or relay switch. 

Qnes. Why does the movable contact arm of the primmy 
relay tend to remiun nearer one of the stationary contact 
points than the other? 

Ans. This is due to the tendency of the relay to open the 
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oontact iRrhenever the voltage equals that at uiiidi the contact 
doses. 

Qaes. Wlut frevialMi is aade fai tte priaMry relay ts pa- 
vaat vflhratisa or ckatteriag? 

Ana. Two auxiliaiy windings ate provided: one in series 



4,299.'— <jeiieral Electric oonnectioii diagrem for outxloar autonatic inducCkm vnitaie 
lagutefeon^ abcmiiig pcotective devkaM. 

1 each of the staticmary contact pcwts and so arranged as 
isaist in making the contact by iiKreasing the isressure on 
contact points at the instant of closure. 

The best effect of the compounding action of the auxiliary ooib is ob> 
tahudde when ananged for ^ per cent, of the torque of the main ooiL 
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Outdoor Induction Ycdtage Begulators. — lu some generating 
stations the voUage is maintained constant at the bus bars and the 
line drop compensated by automatically operated regulators con- 
nected in the main feeders. It is possible in this way to obtain 
constant voltage at all loads at the various distribution cen^ 
ters, that is, at those points on the feeders where the lines of 
the majority of consumers are connected as shown in fig. 4,300. 



Figs. 4»300 and 4,301. — Systems of distribution illustrating use of outdoor ind u ctloo 
regulators. 

It is evident, however, that, while the voltage at the center 
of distribution can be maintained constant, no account can 
be taken of the drop in the lines between this center and the 
consumers. This drop is generally negligible, except in some 
particularly long lines, as, for example, consumer B, in fig. 4,300. 
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In order to obtain perfect regulation at B, it would be neoes* 
sary to install a separate regulator in that line, this regulator 
to be installed either at the center C, or preferably at B. 

In a G:reat many cases the power distribution is not as ideal as indicated 
in fig. 4,300, but rather as shown in fig. 4,301, that is, the oonsumers 
are connected all along the feeder. In this case there is no definite center 
of distribution, and the automatic regulator installed in the station can 
be adjusted to give only approximately constant voltage at an imaginary 
center of distribution C; that is, the voltage cannot be held sonstant at 
any definite point during changes of load distribution. 

The majority of the consumers may, however, obtain sufficiently good 

vdtage while a few may have 
reason for criticism. To over- 
come this difficulty it is neces- 
sary either to increase the 
copper in the feeder or dse 
to install small automatic 
regulators. 

There are also cases where a 
small amount of power is trans- 
mitted a long distance through 
a feeder direct from the station. 

The outdoor type regu- 
lator is shown in fig. 4,302. 

Load Ratio Control. — 

This system permits chang- 
ing the voltage ratio of a 
tran^ormer without inter- 
rupting the load. Load ratio 
control equipment can be 
applied to practically all 

Tvi. 43tt.— C«iml diaib pImm aatomatic induction regulator arranged for out* 
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n«ulatic« problems, above a point vrhere it is not eccaioinical 
to vee iodaction regulators, liiere is no definite limit to 
its applkatum either of Am. voltage (s* current thouidt in some 
cases it is necessary to use smes transfmmers and sometimes 
exciting transformers to get within the voltage or cmesit 
IhnitatioDs of the apparatus. 

Tl^ method oi oontrol involves the use of two 
heal eirmits capable cf carrying the load simul- 
taneausly. This permits picking up the load on 
see ratio before it is drc^)ped from another. 

Otmoody carrying a load atmultaneouBly on two tap 
ooimaetiana would involve a destructive short circuit 
bctwae p those taps unless a suitable impedimce was 
iatrodnoed to limit the exchange currefit. 

All types of load ratio omtrol include sudi 
an impedance, usually consisting of leakage 




Pm. 4,308 and 4,304.— Electric dngte phaw md three pfasM ttitio adhwtm lor load 
ratio oontrol lei^ator. They operate by means of an eccentric so that with a Uidit ton|ue 
on the shaft, a heavy pressure is piaoed on the contacts as they **wipe" into position. The 
cylindrical contact ban. to which tne tap leads are bolted, are insulated fiiM each other 
by Herkolite tubee ineerted in molded compound heads. 


reactance between special windings on the transformer core or 
of a separate iron core reactor. 

Earlier tap dianging devices utilised the preventive reactor to obtain 
additimial ratios betwe«ai taps by opmting continuously on two tapi 
with the reactor bridging them. 
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titer di^rdopmeiit of load ratio control eq mpment advanced the adMiae 
of opeiation so that an actual tap couH be used for each ratio and the 
premtivaiaactor abort dnsuilod except dur^ Thereactor 

k only one half the siae required by the previous method and is in eerke 
or parallel adtii the load only for the two or three seconds required for 
the operaticm of the mechanism. The ratio steps are always ra» 

aarchess of the load and the no kad ioas is a minimiun and the sense aa 
all ratios. 
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as wdl as the v6Ltag» in the 
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The driving mechanism consists of: 

1. D.C. motor. 

2. Brake. 

3. Relay switch. 

4. Limit switch. 

5. FOation indicator. 



Fto. 4,309.<^-^Sflnanil Etodrk dngle phiiip amtmctor far load ratio omtral icfalatQr. Tba 
t«vo cam operated contactora are anemUed as a unit on a heavy steel plate which is bolted 
with an oU tight Joint to the side of the transformer tank, and are enciosed in an oil boa 
provided with a suitable breather. The contactor elements are mounted directly on porce- 
lain entrance bushings which project into the transformer tank. They are deidgned with 
current canying contacts and with arcing tips to which deteriaratioD from operation la 
confined 4 


6. Suitable gears for driving the main operating shaft and a 
drum controller mounted on that shaft. 

The mechanism is controlled by means of a push pull switch 
mounted on the station switchbc^. Once started the motor 
r^y switch is sealed magnetically until a change of <»ie step 
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in ratio is oomi^eted arhen it stops the motor. Automatic 
oootnrf is provided vdien necessary if the servioe require it. 

To indiaite the tap portion of the transformer thm is a dial 
Bsounted on the medunisin and a dial switch wldch operates a huap 
hi^cator furmriied for mountins: on the switchboard. Tte motor iday 
switch k standard equipinent used for the oontrol of machine tool motors. 

The magnetic brake is mounted on the motor diaft and k oonnacted 
inpamllsl with the motor field. The liawt switch tlmt atogM the motor 



to. 4J10.-<knml BwWk h toretoitmt smt. stovml ceapHoc sM iwefftor<» 
eiahlr for M ratio oontrol rofuletor. The inttrmittint srar io to bring oeto 

ratio adjuoter up to tpaod gradi^y before the teeth Bweh, thus permittks Ito equIfMHim 
to Qficrate withmt mecheaicel riiodk. On' any ratio, the interwttent gw lodn aw tys 
ratio adjnstera in their caoriect poeitkMie, and alao lodn aach adjoetw during the opnrstm 
of the oitlwr. There ii a euitake unirarsal joint between the geering and Uw teak wsB* 

when the mechanism has reached either limiting tap position k s httH a r 
to the equipoient used on induction regaktors. Pmvkton k made te 
emergency manual operation. 

There k a clutch to release the motor and a spring bulfered mechaalca} 
stop at eadh linutmg posttkm. 
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Auxiliary contacts are provided on the dial switch and energise a red 
H|^t on Hie switchboard indicator during the operation of the medwniwa, 
A delay relay is connected in paralkl with the r^ liidit for use with a noise 
alarm. Thus, in addition to the red light giving a viatial wmamog these 
is also an sudlble warning whkh is broi^t into play by the action of 
delay relay should the operating mechanism foil to comiMt the tap cfaiyife 
mid leave the preventive reactor in the circuit. This visual and audil^ 
warning advises the station opsrator that the mechanism has mat eom- 
pieted its cycle and permits it to be oompleted manually. 

If for any reason the statkm operator be not available to oomidete the , 
operating cycle manually, no haim would be done since the preventive 
reactor is dengned to carry full load cunont oontinuously. 



fha. 4,311.— <kaeiia Elactrk three phree oontactor for loed ratio oontrel ragiilaliQr. 


Voltage fiegolatioB of Alteroators. — ^The necessity for vdt* 
age regulation of altematcnrs was recognized ccuncidentally 
irith the operation of the first Edison bipolar dynamos. The 
loads, however, were relatively »nall and feeder net works 
were not required, so that voltage regulation was usually ob- 
tained by manually operating the dynamo field rheostats and. 
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tbe control was further simplified by the practice of supplying 
eadi feeder with a separate dynamo. To meet the increasing 
demand for energy, the size of dynamo and the length and 
number of feeders had to be so greatly increased that im- 
provements in the methods of controlling the voltage became 
imperative. 

Furthermore, as the loads became more diversified, elimina- 
tion of the personal element in the control of voltage was made 
necessary. Automatic solendd operated rheostats, as well 
as other devices ba^ on this p^dple, were 
developed to meet this demand, but the prob- 
lem was not solved until the autcanatic voltage 
regulator was introduced. 

The alternating voltage is regulated indirectly by 
opening and closing rapidly a shunt circuit across the 
exciter rheostat, thus varying the exciter voltage in 
order to maintain the desired alternating voltage. In 
order that the simplicity of this regulator may be under- 
stood. it should bt borne in mind that the regulator 
consists mainly of two parts, a d,c, control system, and 
an a,c. control system. 

The former is simply a dx, regulator having a main 
control magnet and relay magnet connected across the 
exciter mains, the contact of the relay being arranged 
to shunt the exciter field rheostat. This operation 
maintains not a constant but a varying exciter ventage, 
the value varying in accordance with the demands of 
the ax. control magnet which is connected to the alter- 
nating bus. the latter magnet being considered as the 
ax. portion of the regulator. It will be evident fiom 
the description under the illustration that the exciter 

Flo. 4.315.— Lamp indicator for General Electric load ratio control regulator. 

voltage is controlled by the rapid opening and closing of the relay contacts. 

The value of the voltage depends upon the position of the a.c. magnet 
core and lever arm. which in turn is dependent upon the value of the 
alternating voltage being held. At any constant load, speed and power 
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la case the ked dnq> oa the e.c. altecaator, the revene action takea place 
md Uie regulator maintaiiw a lower esdter voltage, in order to give the 
coitect a.c. voltage. 



alternator 


Pm 4J8S. — iriwMiitinr oomwotiaM of Gomral Mwtric autonuitic ahomtor o oita e e lat- 
Tlie diaeiini •lam tfa« d.e. amtrd iwafant. oofmocted acroM the easifear baa aad 
proobM «FHb two cocoa, the lowar beii^ a fiaad atop core, the upper a movable oere attached 
io a ^wted lever at the oppeaite end of which ie oMunted a flexible cocitaet. The pall 
of Ite pawait ft^hown oppoa^ by one epriae, but in pactice thete ace aotuaUr four apriaii 
M ahmiPe thid pkk up at dlHecent exciter vottapae. A diffenntlaUy wound 10107 m a g ne t 
ia paa dlMwa oeaDeeled to the eaater bua, one wiaiiing beiag permuieatly oeunected to 
the baa* while the other ia arranged to be opened and doeed by the floating main oontacta. 
The tela^ baa pioaea d amadacoa to which theio ia a apm^ attached to opvmmo tbe pag of 
Uie BMgnat. Tba centoeta aio oocaiectod aooaa the exciter field rheeetata, CoBd i en ea n i 
are oenneeted aocoae the contact pointe to prevent daatructive arcing. The voltage widding 
of the O.C. control magnet ia ahem oonnectad acroaa the generator bua through a voltage 
tranaformor, while the oppmieg or compenaating winding is ahown connected to a current 
tranatormer in the feeder circuit. Thh megnet ie of the ordinary eolenoid type, having n 
laminated iron core which ia attracted upward by the magnetiaing force. The core ta at* 
tached to a pivoted level, at the oppoaite end of which a counterweight ia aiapported to 
aaaiat in bringing the lever and core to a point of equilibrium, and on the aame e^ of thia 
lever ia ahown the lower main contact wldch, in oombination with the upper main contact, 
pioduoea what are known aa the floating main oontacta. 


NOTE.— i^roclloallp all the ntmthoda employed for regulating the voltage of dynamoa 
and circuits, are appUcatle to alternators and alternating current circuits. For example: ia 
order that they ahall automatically maintain a constant or rising voltage with increase Of 
toad, altematora are provided with composite winding similar to the compounl winding of 
dynamoa, but the alternating curxeot connot be used directly for exciting the field mag* 
neta, an acceaaory apparatus ia required to rectify it or change it into direct current before it 
ia for that purpose. It ia a fact, boviever, that composite wound altamatora do not reg* 
idate properly for ii^uctive as weU as non-inductive loa^. 
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When two or more exciters are required to furnish excitation to alter- 
nators, they may be connected in pai^lel or they may be controlled indi- 
vidually by standard regulators. Parallel operation of exciters provides 
for nearer uniform control and prevents losses in the alternators, due to 
circulating currents. When conations are such as to make it impra^:tical, 
to parallel the exciters, standard regulators may be used without change, 
and close voltage regulation will be obtained. 



Fig. 4.^3. — Diagram of connections of General Electric contact making ammater for op- 
erating on alternating current circuits. The instrtanenl is designed to indicate with the aid 
of a current transformer, certain values of current in an alternating current system. This 
value depends upon the setting of the regulating rheostat in parallel with the pressure coil 
of the ammeter. It is also possible with this instrument, together with the necessary con- 
trol apparatus, to hold certain values of current. Btf uatng a different magnet coH 
fhtf t xneter may be connected to a shunt instead of a current transformer and used on c 
direct current system. 

If the exdt^s be operated in parallel they may be of different capacities 
and design, or driven by various sources of power, and the circulating 
currents resulting from variations in speed or design will merely affect 
the exciters, slightly lowering their efficiency. On the other hand, if they 
be not connect^ in parallel, the disturbances will be carried through to 
the alternators and the efficiency of the system will be affected more seri- 
ously. When a single regulator is used, frequent hand adjustment of the 
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exdter field rheostats may be necessary in order to reduce the circulating 
current to the minimum. 

Furthermore, the regulator will have to be provided with at least one 
relay for each exciter, although the exciter capacities may be such that 
one relay would be sufficient for the control of the exciters if they wm 
connected in parallel. The disadvantages of this arrangement can be 
overcome very readily by installing a regulator for each exciter and oper- 
ating the regulators in parallel. Not only can the circulating currents 
between the alternators be eliminated, but greater flexibility of contrd 
and hifi^er operating efficiency will be attained. 


COHttNSCR 


“POTENTIAL 

^TRANSPORMW 

^CURRENT 

tRANSFORMCRS 



Fxg. 4,324.— <General Electric connection diagram for two alternator voltage regulators ofh 
erating in parallel, '^e a.e. magnet has a voltage winding and a compensating winding. 
The compensating winding is connected to a current transformer in the line opposite to ^ 
two lines to which the voltage transformer is connected. When the power factor is unity 
and the load current is properly balanced between the different machines, the held produced 
by the current coil w 90® out of phase with the field produced by the voltage coil, and has 
an extremely slight effect. Should the power factor tend to shift from one attemator to 
the other, the regulator will be at once affected and will raise or lower the alternator exoita* 
tion as required to ellminats the circulating current, since the latter is 90® out of phase 
with the load current. «und therefore in phase with but directly opposed to the field of the 
v^tgge coil, thereby changing the pull of the voltage winding until balanced conditions 
have been restored. It should be noted that **out of phase*' current transformers will be 
leqiitFed for all of the regulators operating in parallel. Should it be necessary to compen- 
Mte for line drop, additional current transformers and line drop compensators are requi^. 
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Ftodld C^eratiOB of Altenuitor Vdtage Regulators. — ^This 
(nethod has become qiiite popular in a great many instaUa- 
tk»i8 where it is dedred to operate alteinators with direct 
connected exciters and use a separate regulator for each equip- 
ment, permitting the control of eadi set as an individual unit. 
In considering the apidkation of such a system cA r^^ula- 
tion to a number of altmiators in a staticm, it diouM be 


oc-cwnm 

MMIOT 



CXCtTERS 


ito. 4,325.“G€aer»! Etoctric oomiection diacm af regulator with mm amagmamt of 
OBdttta iaporaUcl in oocijunctioa with Btorage battery and booatar. The regnlatM oootaetn 
atm oomiectad acroea the remtanoe R3, which is ooneiderably greater than resiatanoe R1 
The Rif mietance is also greater than that of R2. for aasump^t ahould R3, be short 
fjBT u itf K* by the regulator, the mntaaoe Rl, being greater than R2* caueea the curtent to 
^ in the diiectioa to boost the voltage. Should the contacts remain open, resistance R3. 
Is koerted; the eum of R3 and R2, is greater than Rl, and the current in the booster ftOd 
flows hi the reverse direction, causing the booster to buck the exciter voltage. Thh^cytie 
of operatkm is repeated very rapidly, tfaeieby maintaining a constant vintage on the ttA. 
bus. The booster for this system must have a current capacity equal to the oomhiaed 
cments required by the wmin alternator fields, and cgm be furnished for almost any range 
of booat or buck which may be demanded. This iqrstem is particularly adapted to larg^ 
piMfitoi wnere a storage battery is used as an emergency device to take care of the 
exdtatioa ehotdd anything happen to the exciters. It will be noted that no current trana* 
former or Une drop compensator ia shown in the diagram, but compensation for line drop 
niay be accompUdM^ with this system of xegidatioo in the same manner as with any standacd 
voltage regotator by piitting a current traneformer or a line drop oontpenaatcr in tbe m^ 
lighting iMMlm. 
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remembered that the change in excitation of any one of the 
alternators does not affect the bus voltage appreciably. The 
thief effect is to change the current supplied by that machine. 

Increaang the excitation will make it take more current and 
decreasing the excitation will make it take less current. 

To raise the station bus voltage it is necessary to increase the exdtatksi 
fear all machines. Divisi<m of load between the alternators depends on 



4,326. — General Electric regulator for alternators having exciters of small capacltMa. 
When two alternators operate in parallel and the exciters are also in parallel, one regulator 
may be used for the control of both exciters, provided the sum of the two field currents of 
the two exciters does not exceed the limit for which the relay is designed. The exciters 
may be either shunt or compound wound. 

the power supply to each alternator and is entirely independent of the 
excitation. Successful operation of regidators in parallel, therefore, de- 
pends primarily on the control of the circulating current that may flow 
between two or more alternators or the proper division of the reactive 
currents in the system as a result of momentary differences in excitation. 
The method followed for diminating such circulating currents is shown 
in flg. 4»325. 

Variable Exciter y<d^e System of Alternator Vdtage 
tdation. — This system is particularly adapted to plants where 
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it is necessary to run motors and other station auxiliaries from 
the exciter bus. With the standard type of voltage regulator, 
the regulation of the alternator voltage is accomplished by 
varying the exciter voltage and it is, therefore, impossible to 
run station auxiliaries from the exciter bus, but with this sys- 
tem the exciter bus voltage is not disturbed. 

For example, the excitation on an a.c. system, assuming 125 volt 
excitation, usually required a range of from 50 to 125 volts but with this 
system the exciter bus can remain constant at 125 volts, a booster bdng 


BusBoru ' 


i — titrrenLTrom 



Fko. 4,327. — Diagram of connectiona for two General Electric automatic reguiatora 
iagin parallel. 


inserted between the bus and the fields of the alternators which is capable 
of varying the excitation to maintain the desired alternator voltage. 

The boosfer is separately excited by a small dynamo, which in turn 
has its field excited from the difference in voitage between a point on either 
a resistance connected across the exciter bus, or if a storage battery be 
used, the middle tap from the battery, and a point of variable voltage on 
a series of three resistances connected across the exdter bus. as shown in 
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WhiHts there are a number of feeders radiating from a sta- 
tion this method of r^fulation, however, will not be satis- 
fectory unless all of the feeders be laid out for negligible vidt- 
age d^, which generally is uneccmomical. 


Usually the feeders are of different intervals, so that the voltage da- 
livmd at the centers of the several feeders will vary widdy. 



fho. 4,331 .-^Wctttinghouae operating motor for tinde pHaee jnduction voltage regulator 
ahowing brake, etc. 


It is practically impossible, therefore, to raise or lower the 
voltage of the station bus so that the voltage at each load 
center is proportionate to the demands at that center. 

In order to provide for satisfactory regulation of the distributing sys- 
tem, it is essentia] that each feeder be considered as a unit. The system 
can be made very simple and economical if care be exercised at the time 
the initial layout is made and many existing plants could probably reduce 
the distributing cost and improve their service by investigating theif 
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feeding systems with the view toward making them more symmetrical 
and of uniform regulation. 

Recording volt meter charts taken at intervals at various points on 
each feeder provide a means for detecting voltage irregularitiep in the 
feeder, which, if not corrected, may become magnified and not only impair 
the service but appreciably affect the revenue. 

By providing a means for regulating the voltage of the indi- 
vidual feeders, economies may be effected in feeder installation 
costs by the selection of a smaller sized conductor for the 
initial installation or for extending existing feeders. 



VlG. 4,332.— Connection diagram of Westingbouae neutral line drop compensator. 


Furthermore, by maintaining normal voltage at the center of distribu- 
tion, it is often possible to increase the load on the feeders without making 
it necessary to reinforce or replace the existing lines. 

With slight modification, the various methods of feeder regulation em- 
ployed with direct current, may be applied to alternating current distri* 
bution circuits. For instance, if a non-inductive resistance be introduced 
in any electric circuit, the consequent drop in voltage will be equal to the 
current multiplied by the resistance. Therefore, feeder regulation by 
means of rheostats is practically the same in the case of alternating current 
as in that of direct current. In the case of the former, however, the effect 
of self-induction may also be utilized to produce a drop in voltage. In 
practice, this is accomplisshed by the use of self-induction coils which are 
commonly known as reactance coils. 
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TEST QUESTIONS 


1. Why is voltage regulation importantl 

2. What is the advantage of close voltage regulationV 

3. Name two types of regulator. 

4. Of what does an induction regulator consist! 

5. Describe the operation of an induction regulator. 

6. What are the effects of revolving the primary coil jrom 

the neutral position first in one direction then in 
the other 1 

7. Name three methods of operating induction regu- 

lators 1 

8. What attachment is provided on a motor operated in- 

duction regulator 1 

9. Name six auxiliaries used with induction voltage 

regulator ? 

10. What is a line drop compensator! 

11. How do single and polyphase irxduction regulators 

differ! 

12. Describe the control apparatus used with polyphase 

induction regulators! 

13. What is the difference between a primary and a sec- 

ondary relay! 

14. What provision is made in the primary relay to pre- 

vent vibration or chattering! 

15. Why are outdoor voltage regulators necessary! 

16. Describe the bad ratio type of voltage regulator! 

17. Describe the driving mechanism used with a bad ratb 

regubtor ! 

18. Expbin how the voltage of alternators is regubted. 
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19. Make a sketch showing elementary connections of an 

automatic alternator voltage regulator. 

20. What is a contact making ammeter used fori 

21. Draw a diagram of two alternator voltage regulators 

operating in parallel. 

22. Under what conditions is the paraUel operation of 

alternator voltage regulators usedi 

23. Describe the variable exciter voltage system of alter- 

nator voltage regulation. 

24. How is the voltage of feeders regulatedi 
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CHAPTER 80 

Rectifiers 

By definition a rectifier is a device used to change aUemating 
ament into a uni-directional or pulsating current. ■ 

Direct current, in spite of the many advantages of alternating 
current, has its own numerous and valuable characteristics and 
uses. Among these might be mentioned battery charging, tele- 
{dione and telegraph power units, trolley and other city railway 
lines, interurban and main line railroads, rolling mills, special 
drives requiring the facility of control made available only by 
the use of direct cxurent, electro-chemical applications, etc. 

The generation of d,c. power at ordinarily used voltages woiild be very 
uneconomical due to the small power involved for particular requirements. 
Furthermore, at the voltages at which it is at present generated and used, 
transmission of the d.c. power over long distances could be accomplished 
only with considerable losses. The only solution of this problem, there- 
fore, is to generate alternating current, transmit it at high voltages to 
the site of its application, and there, convert it by the best means avail- 
able mto the desired dx. voltages. 

The various kinds of rectifiers may be classed as: 

1, Mechanical. 

2, Electro-magnetic. 

3. Electrolytic. 

4. Mercury vapor, or mercury arc. 

MechaniGal Rectifiers. — By definition, a mechanical rectifier 
is a form of commutator operating in synchronism with the 
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alternatc^r and commutating or rectifying the negative waves 
of the alternating current as shown graphically in figs. 4,333 and 

4.335. The essential features of construction are shown in fig. 

4.336. 



Fks. 4.333 to 4,335.- 
fiaitkn. 


-Diacrema showing alternating cucrents. and partial and complete recti- 


One application of a mechanical rectifier is its use on a com- 
positely excited alternator as illustrated on page 1,609. 

ElectrO'Magnetic Rectifiers. — ^This type of rectifier con- 
sists essentially of a double contact rocker which rocks on a pivot 
{midway between the contacts), in synchronism with the frequency 
of the alternating current, so changing the connections at the in- 
stants of reversals of the alternating current that a direct ament is 
obtained. 
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PXG. 4,336. — ^Mechanical rectifier. The rectifier consists of two castings M and S, with t e e th 
whadi fit together as shown, being insulated so they do not come in contact with each other. 
Every alternate tooth, being of the same casting, is connected together, the same as though 
joined by a conducting wire. There are as nuiny teeth as there are poles. The part M, of tbs 
nctifier is connected to one of the collector rings by F, and the part S to the other ring by G 




Pw. 4,337.'--Circuit diagram of Leich electio-magnetic rectifier, railroad type. 
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In other words, a vibrating annature makes or breaks a contact at a 
osrtam given time m relation to the backward or forward flow of the 
alternating current. The contacting parts toudi only at the time that 
the curtent taken from the alternating current system is flowing in the 
same darectkm. thus obtaining a pulsating uni-directional current. 

If the contacts do not open and close at just the proper instant, arcing 
w31 occur at the contacts and trouble will be experienced. From the 



FM. 4,338. — Diagrm of mBchMicol rectifier, in npnHftinn, ox, is pawed tfaraafli tlw 
elaftm-ngaet windiof . Aooordiog to direction of current a north pole or a aouth pcda 
wmr he eet up at the end oppoaite the iron bar. With the polarit 3 r of soft iron bar aa in 
the djagram, it will be attracted whenever the current through the alectro-inagnet eeta Up 
a aouth pole; repelled, whenever the electro-magnet polarity ie reveraed (with battery 
annactert aa abtmn} whenever the iron bar ia repelled the circuit for the battery ia csoai- 
plalad and current may flow. When the electro-ma^t reveraee in polarity the battery 
dreoit ie opened and no current can flow. A puloating charging cunent ia gtven, uaeful 
work being done during one altematkm of one cycle only. 


above it will be readily seen that to secure proper and satisfactory results, 
the vibrating part of ^ rectifier must at all times be exactly in 8tq> wiUl 
the alternations of the supply mains. 

The vibrating element may consist of 

1. A vibrating spring or rigidly sui^xirted reed, 

2. An annature pivoted at the center so as to vibrate over 
two small magnet coils. 

If a vibrating spring or rigidly supported reed be used for the 
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to one frequency, consequently a rectifier equipped with a spring ar« 
mature does not readily respond to changes in frequency of the alternat- 
ing current supply. 

The Leich rectifier shown in the accompanying illustration^ 



Fig. 4,342. — Diagram of Premier Ampero electro-magnctic rectifier. Owing to the direct 
current in the magnetizing coils C and C^ one end of SB, will be permanently of north and 
the other of south polarity; and since the polarities of the poles E and E', will alternate with 
the alternations of the transformer secondary current, SB, will rock rapidly on its pivot, 
and contact will be made by turns with CS and CS'.The purpose of the condensers K and 
K', is to reduce the sparking at these points. When contact is made at CS, the direct CUT'* 
rent terminals T and are connected to the S, half of the secondary winding; and when 
contact is made at CS', they are connected to the S', half. Thus a rectified unidirectional 
current will flow from T and T', and it may be used to charge the battery A', work a amall 
motor or for various other purposes requiring direct current. When the rectifier is used for 
charging storage batteries, the separate cell A, may sometimes be dispensed with, the wind- 
ing C.C'. being connected to one of the cells under charge. The rectifier is adjusted to suit 
the frequency of the supply circuit by altering the distance of the poles of E, and £', from 
the ends of the polarized armature SB; and also by changing the tension of SP,SF, by meana 
of the screw studs against which they bear. 
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In this rectifier, the contacting part is suspended from the armature 
similar to a clock pendulum. Due to the fact that the armature swings 
free on its supporting shaft, it can follow the reversal or alternations of 
the current supply even if there be considerable variation in the frequency. 


Electrolytic Rectifiers. — If two metals be placed in an elec- 
trolyte and then subjected to a definite difference of pressure, 
they will (under certain conditions) offer greater resistance to the 



Fxgs. 4,343 and 4,344 . — Mohawk electrolytic rectifier. To put in commission, dean out the jar. 
Fill with distilled or ram water. Add six pounds of electro-salts, stir and after all salts are 
diteolved place the cover in position. The specific gravity of the solution should be 1 .125. 
The middle iron electrode must hang straight down in the solution and not touch either of 
the othe^ aluminum alloy electrodes. The aluminum alloy electrodes are mounted on an in* 
sulated bracket that slides up and down on a rod. This rod screws in the hole taped in 
the middle of the cover. The electrodes give the best results only when perfectly smooth. 
Should they get rough, covered with a deposit or a white coating, remove frcnn the solution 
and clean with fine sand paper. Finish with fine sand paper. Form the film again and the 
electrodes will be as good as new. Clean iron electrode occasionally. 


passage of a current in one direction, than in the other direction. 
On account of this so called valve effect, electrolytic rectifiers 
are sometimes called "valves.” 

Aluminum is extensively used for the cathode and lead or polished steel 
for the other electrode. Metals of low atomic weight exhibit the valve 
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Fig. 4,345. — ^Mohawk electrolytic rectifier and gwitchboard; diagram ahowiGg oonaectioiw 
for charging storage battery. Opmrutint inmiructionM: Mter assembling battery aa in fig. 
4,343, the g|m must be formed on the alumimim all<^ electrodes so that the ractiber wJB 
pass current only in the i^ht direction. Open switch B, dose switch T, to theriiibt;discharif 
lever can be in any position; charging regulator lever must be to the extreme left, the aero 
pa s ition ; now dote main switch hf Move regulator lever R, from the sero posits to the 
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PiGt. 4,346 and 4.347 .^T«ro liewa of Nodon valve. This it an electrolytic nctlfier in ivlilcli 
the cathode it a md of aluminum alloy held centrally in a leaden vetael which forme the anode 
and containe the electrolyte, a concentrated tolutmi of ammonium phosphate. Only a abort 
fMMTtion at the lower end of the cathode ifl utilised, the rest, which is rather smaUtf^in diameterp 
heipg protected from action by an endoeing glaae sleeve. The current density at the cidhode 
ranvBS horn 5 to 10 amp. per sq.dm. In the larger lises, the cells are made dmUe. and a cor* 
lent of air ia kept circulating between the walls by means of a motor driven hm. In order to 
utilise both halves of the supply wave, the Grata method of conneetkm is adopted. The maxi* 
,iniim efficiency is obtained at about 140 volts, and the efficiency lies between 65 and 75 par 
cent., and js practically independent of the frequency between the lindts of 25 and 200. 
Above a pcestiue of 140 volts, the efficiency falls off very rapidly, owing to breakdown of tba 
flkn. The pressure difference is high, being over 90 per cent, at ffill load. Temperature Iviely 
tadhienoes the action of the valve, and should never exceed 122** Pabr. 


Pio. dp34S.< — TmxI eotUinutd^ 

first button or contact, let it remain there for a time, nof less fhan floe mfiucfee; this is 
iMperfeHl. as the proper rectification of the current depends on the film formed on Urn 
ahimmumrods.Tlieaitimeter after the first rush of current may not dx>w any current as paas- 
ingp or it may show a leverse current. In the latter case, leave the contact finger on the first 
button until the needle comes bade to sero. This may take some time, but the needle will 
eventually come back; it also indicates that the film is properly formed when the needle re- 
turns to aero. Move regulator R, to the extreme right step by sti^ and note that themmneter 
oontinues to retu.!! to aero, wffich indicates that the film on rectifier electrodes is formed 
properly. Move regulator R. to aero, close switch T, to the left in normal charging posi t io n . 
Ckm charging switch B. To regulate the flow of current through the battery move Chtri^tng 
lever R. to the rifdit slowly until ammeter indicates the correct charging current. After the bat* 
teries are charged and r^y for use, discharge lever can be mov^ to connect either aet of 
Btora^ batteries to the load terminal . The voltage of the batteries can be read at any time . by 
pressing the strap key. The discharge lever connects the batteries to the volt meter and it is 
possible by moving it to measure the voltage of either set of battery, charging or diachatging. 
IVottble in the rectifier demonstrates itself by the solution becomxi^ heated. The condition 
of the rectifier can be tested any time in a few seconds by opening switch B. and dosing ewiteb 
T, to the light. If the rectifier be in proper condition the ammeter will read aero. And it it ba 
not rectifyi^ and permitting A.C. current to flow through the rectifier, the ammeter will read 
negative or to the left of the aero. An old solutfon that is heating and not rectifying propet fa r 
will tttm a reddish brown ooka. 
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effect at high differences of pressure, and heavier metals at low differences 
of pressure. 

Illustrating the development of electrolytic rectifiers, the fol- 
lowing valves are given as typical examples: 

Nodon Valve . — In this valve the cathode is of aluminum or aluminum 
alloy, and the other electrode, which has considefably more surfoce, is 
the containing vessel. The electrolyte is a neutral solution of ammonia 
phosphate. 



fto. 4,348. — OicillQsraph record firom Nodon valve showing anginal su]>ply voltage and the 
OOfittponding pulsating current at the tenniDals of such a valve. 


Its action is due to the formation of a film of normal hydroxide of 
aluminum, over the surface of the aluminum electrode. This him presents 
a very high resistance to the current when flowing in one direction but 
very little resistance, when flowing in the reverse direction. 

When a Nodon cell is supplied with alternating current the first effect 
is that half of the wave will be suppressed and an intermittently pulsating 
current will result as shown in fig. 4,348. 

Both halves of the ax, waves may be utilized by coupling a series of 
cells in opposed pairs. 

The efficiency of the film depends upon the temperature. 
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It ahould not for xnaximiim efficiency exceed 86 degrees Fahr. There 
is also a certain critical voltage above which the film breaks down loca^r 
giving rise to a luminous and somewhat disruptive discharge accompanied 
by a rapid rise of temperature and fall in efficiency. 

When an dectrolytic rectifier is not in use for some time, the electrodes 
will lose the film. In such cases the electrodes must be reformed. The 
loss of film may be prevented by removing the electrodes from the elec- 
trolyte and drying them. Water must be added from time to time to 



Fig. 4,349.— The Fleming oecillation valve. It depends for its action on the well-known Rdlaon 
effect in glow lamps. The valve consists of a carbon hlament glow lamp with a simple central 
hocseahoe filament. Around this lilaroent inside the exhausted bulb is fixed a small cylinder of 
nickel, which is connected by means of a platinum wire sealed through the bulb to a third ter- 
minal. The valve is need am follower The carbon loop is made loeandescent by a suitable battery. 
The circuit in which the oscillations are to be detected is joined in series with a sensitive mirror 
galvanometer, the nickel cylinder terminal end the negative terminal of the filament of the valve 
being used. The galvanometer will then be traversed by a series of rapid discharges all in the 
aame direction, those in the opposite direction being entirely suppressed. 


make up for evaporation. This is necessary to keep the solution at the proper 
density. 

Excessive heating of the solution with normal load indicates that the 
rectifier needs recharging. 
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A rectifier is passing alternating current when it heats, and when it 
gives a buz 2 ing sound in the case of very weak solution. Weak dectrolyte 
wfll eat away the electrodes. 

The Audion Valve , — ^This valve was invented by DeForest in 1900 
and is practically identical with the Fleming oscillation valve, the latter 
being illustrated in fig. 4.349. 

GrUeon Valve , — In this valve the cathode is a sheet of aluminum* 



FM. 4.350.^The Churcher valve. This is of the modified Nodon type. It diilmrm from the latter 
in that it has two cathodes of aluminum and an anode of lead or platinum, suspended in te 
ooe ced. This permits the complete utilization of both halves of the supply wave wiUi oat 
cell instead of the ibur required in tlie Gratz method . The connections of Bui± a cell are shoeni 
ib the fisuie. The secondary of the transformer carries a central tapping, and is connected 
through the direct current load to the central aiwde, while each of the cathodes is connected 
le me ordinary terminals of the transformer itself. The practical limits of the cell are ^ vclta 
direct current, or 130 volts at the transfonnef terminals AB. P, is the anode: C, cathode I; 
D. cathode II. 

and the anode, a sheet of lead, supported, in the original form, hori- 
zontally in a vessel containing the electrolyte, consisting of a solution 
of sodium carbonate. Cooling is effected by circulating water tiburoug^ 
metal tubes in the electrolyte itself. 

Pawloumki Valve. — ^This is an electrolytic valve employing a solkl 
electrolyte. It consists of a copper plate which has been ooat^ with a 
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crystalline layer of caref^y prepared copper hemisulphide, prepared by 
mdting suli^ur and copper together out of contact with air. The pre- 
peued plate is i^aced in contact with an aluminum sheet and the oom- 
binadon is then formed by submitting it to an alternating pressure uatft 
sparking, which at first occurs, ceases. 



Pigs. 4,351 and 4,352. — The De Faria valve. This is an aluminum lead rectifier. The cathode ia 
a hollow cylinder of aluminum placed concentricaily in a larger cylinder of lead, and the whole 
immersed in electrolyte of sodium phosphate in an ebonite containing vessel. Cooling is ef- 
fected by promoting automatic circulation of the electrolyte by providing the lead cylinder 
adth holes near its eitreroities; the heated electrolyte then rises in the lead cylinder, pwisrs 
out at the upper holes, is cooled by contact with the walls of the mntainit^ vessel, de- 
•oends outside the lead cylinder. It is claimed that this cooling actkm is sufficient to allow of 
a current density of 8 amp. per sq. dm. of aluminum. 


Buttner Valve . — It is of the Nodon type employing a cathode of 
magnesium-aluminum alloy, and probably iron or lead as an anode, with 
an electrolyte of ammonium borate. Buttner claims that the bomte is 
superior to the phosphate in that it does not attack iron, and will keep 
in good working condition for longer periods. 

Merenrj Vapor (nt Are Bectiflers. — The terms vapor or are 
as applied to lectifiefs do not indicate a different princic^; the 
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Westinghouse Company employ the fonner tenn and the 
General Electric Company the latter as a distinguishing title or 
trade mark. 

The Westinghouse or Cooper-Hewitt rectifier is illustrated in 
fig. 4,353. 

This rectifier as developed by Peter Cooper Hewitf for changing alter- 
nating current into direct current is the result of a series of careful ex- 
periments and investigations of the action going on in his mercury vapor 
lamp for electric lighting used on direct current circuits only. 


CVSIttOTTRiSSlWWm ALTEKSMIHS CUSKEHT SUm» 

[jismsmhsi/ 



Pio. 4,353.— *Cooper Hewitt Mercury vapor rectifier. 


The difficulty of operating a lamp on the alternating current circuit lies 
in the fact that while a current will flow freely through it in one direc- 
tion, when the current reverses the negative electrode or cathode acts as 
an electric valve and stops the current, thus breaking the circuit and 
putting out the light. By fdlowing up this new electri^ action^ Hewitt 
applied the principle in the construction of a vacuum tube with suitable 
dectrodes, and by using two electrodes of iron or graphite for the podtive 
or incoming current and one of mercury for the negative or where the 
current leaves the tube^ the drcuits could be arranged so that a direct 
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current would flow from the mercury dectrode and be used for charging 
storage batteries, dectrcMdiemical work or (operating direct current flame 
arc lamps. 

As shown in the figure, the reeUAer eoneieU ewentiallv of a glass 
bulb into which are sealed two iron or graphite anodes and one mercury cathode^ 
and a small starting electrode. The bulb is filled with mercury vapor under 
low pressure. The action of this device depends on the pro^ty of ionised 
mercury vapor of conducting electricity in one direction only. 



iwcemury. The apparatus is started in the usual way by tilting. 

In operation no current will flow until the starting or negative elec- 
trode resistance has been overcome by the ionization ot the vaf^ in its 
neighborhood. To accomplish this, the voltage is raised sufficiently to 
cause the current to jump the gap between the mercury cathode and the 
starting cathode, or by bringing the cathode and starting electrode to- 
gether in the vapor by tilting and then separating them, thus drawing 
out the arc. When this has been done, current will only flow from the 
anode to the mercury cathode, and not in the reverse direction. 
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PltG. 4.355. — Weatinghoitte-Cooper Hewitt mercti^ vapor rectifier bulb. It consiaU ewentially 
of a hermetically sealed glass bulb filled with highly attenuated vapor of mercuiy. and pro«» 
vided with electrodes. Its operation is fully explained in the accompanying text. 



4,356 to 4,359. — ^Diagram of current waves and impreised pressure of ^ 

Cooper Hewitt mercury vapor rectifier. The whole of the alternating current wave on bodi 
eidea of the sero line is used. The two upper curves in the diagram show the currents 
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Flo. 4»360. — Diagram of Batten type electro-magnetic rectifier. Mn construction and ofH 
mratlan, the aoft iron core of the relay is in two halves S' S' and the armature A, carrying C, 
vibrates between their polar extremities. M. M' are two permanent magnets with their like 
fxto together at the center C' wheie A is pivoted . Supposing these poles are north as indi- 
cated. the extremities of A will be south. The south ends of M, M being in juxtaposition 
with the centers of the soft iron cores S'. S' will render their extremities facing the ends of 
A of north }>olarity. The windings on S', S' are connected in series with each other, and 
in shunt with P across the mam terminals T'. T*. Then because of the polarization of A 
and S', S', the former will vibrate rapidly in sympathy with the alternations of the current. K 
is a condenser shunted by a lamp resistance L* . this being found to improve the working of R. 

Fto. 4.356 to 4.359.—- continued. 

in each of the two positive electrodes, and the resultant curve III represents the rectified 
current flowing from the negative electrode. Curve IV shows the impressed alternating cur- 
rent pressure. It is evident that if the part of the wave below the zero line were reversed, the 
lesulting current would be a pulsating direct current with each pulsation varying from aero 
to a positive maximum. Such a current could not be maintained by the rectifier, because as 
soon as the zero value was reached the negative electrode resistance of the rectifi^ would be 
leHestablifAied and the circuit would be broken. To avoid this condition, reactance is intro- 
duced into the circuit, which causes an elongation of current waves so that they overlap be- 
fore reaching the aero value. The overlapping of the rectifier current waves reduces the ampli- 
tude of the pulsations and produces a comparatively smooth direct current as abowa in curve 
III. In this way the whde of the alternating current is transformed to direct current becaiaaa 
endh of the altematlofia in both diractioiia is alternately rectified. 
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In order to maintain the action, a lag is produced in each half wave by 
the use of a reactive or sustaining coil; hence the current never reaches 
its zero value, otherwise the arc would have to be restarted. 

There are two kinds of loeeee in the tube: 1, arcing, or leakage from 
one anode to the other, and 2, the mercuty arc voltage drop. This drop does 
not depend on the load, the energy represented by the drop being converted 
into h^t, which is dissipated at the surface of the containing vessel. 





Fig. 4,361. — Elementary diasram of mercury arc rectifier connections. A. A., graphite anodea; 
B, mercury cathode: C, small starting electrode; D, battery connection; £ and P. reactance 
coils; G and H, transfcMiner terminals; J. battery. 

According to Steinmetz, the limit of voltage must be very high, as 
36,000 volts has been rectified. The current output is limited principally 
by the leading-in wires to the electrodes, it being a difficult problem to 
seal into the glass container the large masses of metal required for the con* 
duction of large currents. Frequency has but little influence. The direct 
current voltage ranges from 20 to 50 per cent, that of the arc supply. 
The life of the valve dep^ds somewhat upon its size, being longer in tte 
small sizes and never, with fair usage, less than 1,000 hours. 
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When the impressed voltage falls below a value sufficient to maintain 
the arc against the reverse pressure of the arc and load, the reactance E, 
which heretofore has been charging, now discharges, the dischar^ current 
being in the same direction as formerly. This serves to maintain the arc 
in the rectifier tube until the pressure of the supply has passed ^trough 
xero. reversed, and built up su^ a value as to cause the anode A. to have 
a sufficiently positive value to start the arc between it and the cathode B. 



Flo. 4,365. — ^Diagram showing connections of General Electric series mercury arc rectifier. 


The discharge circuit of the reactance coil E, is now through the arc 
A'B, instead of through its former circuit. Consequently the arc A'B, is 
now supplied with current, partly from the transformer, and partly from 
the reactance coil £. The new circuit from the transformer is infficated 
by the arrows enclosed in circles. 

An arc rectifier outfit with its starting devices, etc., is ^own 
in figs. 4,362 to 4,364. 
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To Start the rectifier, dose in order named: line switch and drcuit 
breaker; hold the starting switch in opposite position from normai; rode 
the tube gently by rectifier shaker. When the tube starts, as shown by 
greenish blue light, release starting switch and see that it goes back to 
normal position. 

Adjust the charging current by means of fine regulation switdi on the 
left; or, if not suffident, by one button of coarse regulation switdi on the 
right. The regulating switch may have to be adjusted occasionally during 
cheuge, if it be desir^ to maintain charging amperes approxima^y con- 
stant. 

In the operation of a mercury arc rectifier a reverse pressure of ap- 
proximately 14 volts is produced, which remains nearly constant through 
changes of load, frequency, and voltage. Its effect is to decrease the 
commercial efficiency slightly on light loads. 

Mercury Arc Power Rectifier « — ^For economic reasons gel^era- 
tion and transmission to converting sub-stations at hi£^ ax. 
voltages is essential. Conversion from alternating to direct cur- 
current, by rotary converters possesses the inha:ent dis- 
advantages of rotating machinery and the object of the power 
rectifier is to eliminate these disadvantages, and thereby to pro- 
vide a plant that can be compared in simplicity to the ordiWy 
static transformer. 

Much information op mercury arc phenomena was published dunxig the 
period 1892-1911, referring, however, only to the mercury arc in i^ais 
bulbs, while the theory of single phase rectification was especially treated 
by Steinmetz and Cooper Hewitt. The latter constructed die first rectite 
of a practical design, which was received with much interest for a time, 
espec^y in this country. 

Steinmetz even gave a theoretical treatment of the two phase rectifier, 
and discussed the internal phenomena with the help of osdllcgrams. 

After a comparatively long period of inactivity, this problem of rectifica- 
tion by means of the mercury arc valve was again taken up, but this time 
in Europe. The large power rectifier was to a great extent made possiUe 

NOTE.— M inmiaUint a wmettOgr it should be placed in a dry room and care ahould be 
iefeen to avoid wires near the tube to prevent puncturing. If the apparatus be jnetaMad 

hi a room of omlbfin moderate temperature very little trouble will be etparieaoed in etartiag, 
ubila eKtrnme cM will make starting more dUBrakU 
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by the construction of an ingenious seal for use with steel tanks. Up to 
this time only glass vessels could be made sufficiently air tight. 

The mercury arc when operating in high vacua has the pecul- 
iar property of permitting the passage of a current in one 
direction only, as previously explained. 

In other words, the current is intercepted at each half period, the posi- 
tive half waves only pacing between the two opposing electrodes. The 
arrangement thus constitutes an electric valve. An explanation for this 


■ Fig. 4,366. — Photograph of mercury arc. The anode » at 

the top and the cup at the bottom. The arc, as wiU be 
seen, is in the form of a halo spread evenly over the sur- 
face of the anode while, at the cathode, it centers in the 
*'cathode spot The intervening space is largely occupied 
by a spongy locking luminous column which extends down 
from the anode about three quarters of the way and then 
stops abruptly, leavmg a dark space. 


valve action can be given by assuming that the cathode sur&ce which is 
raised to a state of incandescence at the point where the arc strikes it 
(known as the * ‘cathode spot”) is conducting to electrons in both directions, 
while the cooler electrode, the anode, conducts only in one direction. 
From this it is seen that the valve action is almost entirely due to the anode. 

The arc takes the form of a luminous column spreading like a halo over 
the whole surface of the anode and centering in one spot at the cathode, 
as shown in fig. 4,366, tnis spot travels at high speed in irregular paths 
over the surface of the mercury. This rectifying effect is not the peculiar 
property of mercury but is simply due to the arrangement of two electrodes 
whereby one (the cathode) is raised to a high temperature (about 3,0(X) 
deg. 0.) and the other (the anode) is maintained at a temperature (400 
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deg. C. to 600 deg. C.) below that at which the formation of djectrona 
is possible. 

In the rectiher, mercury is used because its vapor can be easily con- 
d^sed and led back to the cathode without loss. It has been shown that 
the arc deals only with the positive half of the alternating wave. To 
make the arrangement commercially possible, both halves must be utilised 
and this is obtained by connecting in the manner shown in hg. 4,367, 
which represents a single phase two anode rectiher with step down trana* 
former having a divided secondary, the mid point of which is brought out 
and forms the negative pole of the direct current system, the cathode 
forming the i^itive pole. The best results are obtained where the pri- 
mary supply is three phase. 


maaaaaaaaaaM 



Fio. 4,367. — Single phase two anode mercury arc rectifier and connections to utiliie both halves 
of the a c. wave. Cotzsidenng first the positive half wave, this induces a current in the left 
half winding flowing toward anode Ai. During this half period the right half winding is in< 
active but at a pressure equivalent to that of the left half winding, only of opposite pdlarity. 
No current is flowing in this winding due to the valve action of the arc. As the wave passes 
through zero, tlie negative half comes into play in the right half winding, inducing a current 
flowing toward ano.:e As. The left half winding is now inactive but at an opposite pressure 
equivalent to that of the other half. With each cycle this process is continued and both half 
waves are completely utilized. As it requires only a cessation of the current for a very small 
fraction of a second to cool the cathode spot 8u.*IicieD(.ly to extin^iih the arc, reactance is 
hiaerted in the rectified circuit at L, thus prolonging the wave and prevenung it dropping to 
aero. By making the reactance large enough it is possible to so reduce the undulations in the 
rectified wave that even a single nhas^ orinwrv wtmniw #-«n k. «4ri|||iactoHiv oonverfad 
oonmierciany used. 
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Pig. 4,368. — Axiiericaa Brown 
Boveri mercury arc pofwer me- 
tifier. Mn operation, the arc 
works between the main 
anodes B, and the cathode; it 
has a well defined path wnich 
diminishes the risk of flashing 
over. At the point of contact 
of the arc with the mercury, a 
dense cloud of vapor is given 
off. The uD-ioniaed portion of 
this vapor rises between the 
anodes and finds its way into 
the condensing cylinder whme 
a reduction in temperatuie 
lakes place due to the water 
jacketing and it is re-oon- 
densed and drops back in the 
form of globuh» into the coir 
lector H. From here it runs 
down the sloping troughs to 
the sides of the arc chamber 
and thenre back to the cath- 
ode BO that there is no loss and 
the mercury need never be re- 
plenished. For cooling im- 
poses a small quantity of fairly 
good water ia necessary, that 
usually obtainable from the 
city mains being suitable. It 
first passes through the cath- 
ode base, N , from there to the 
jacketing round the large cjd- 
inder and the anode plate fay 
the connections O, after which 
it passes to the jacket aur* 
rounding the condensing cyl- 
inder and then out to waste 
or to a separate re-cooUng sya- 
tern. 




RectiSers 


2,505 



For the successful operation 
of the rectifier, high vacua are 
essential, the normal working 
range being .01 to .001 mm. of 
mercury. The first problem 
therefore that had to be solved 
in the manufacture of the mer- 
cury arc power rectifier was the 
production of large steel cylm- 
ders that would be at once ac- 
cessible and gas tight. The 
mercury seal was finally adopt- 
ed as giving the best results. 
Its construction is shown in 
fig. 4,369. 

A mercury arc power rec- 
tifier is shown in fig. 4,368. 


Fig. 4,369. — Mercury seal of American Brown Boveri mercury arc power rectifier, it consisfe 
of mercury and asbestos for the hotter portions and mercury and rubber for the cooler parts. 
The mercury is at A and the asbestos at B. As a sealing medium mercury has the advantage 
that should any Alter inward it can only And its way to the cathode and will not interfere 
with the operation of the plant. 


The major portion is the large wdded steel cylinder K, in which the 
arc operates and above it is the narrower condensing cylinder C. These 
two cylinders are connected by the heavy anode plate D, while the lower 
portion of the arc chamber is closed in by the plate M, in the center of 
wludi the cathode is located. 

The condensing cylinder is closed at its top by a plate carrying the 
ignition coil B. The rectifier as a whole, is mounted on the insuktors P, 
these in their turn being carried on the foundation ring Q. There ate six 
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main anodes £, and two auxiliary anodes G, placed in a circle around the 
anode plate. 



Pic. 4,370. — ^Two stage vacuum pump of Amencan Brown Boveri mercury arc power rectifier. 
tt coiuMa of a high vacuum mercury pump in series with a rotary oil immersed pump. The 
latter pump is direct coupled to a H h,p. motor and is capable of creating a vacuum equiva- 
lent to about .02 mm. of mercury , the final reduction to .001 mm. of mercury and below being 
c>btained by means of the mercury pump. The pump has at its base in the chamber 6, a pool 
of mercury which is heated by an electric heater located immediately below, in 4^Rtmtion» 
the mercury pump works on the injector principle, this action being produced by the vapon 
rising from the boiling mercury and in doing to sucking the air ai^ gases down the pipe a, 
connected to the upper portion of the rectifier cylinder. The conical section of the mercoiy 
pump is water jacketed so that, as the mixture of vapor and gas rises, the vapor isTecondenaed 
and drops bsck into the pool at the bottom while the gas is drawn off by the rotary pump as 
indicated by the arrows and then discharged to atmosphere. The rotary pump has a nmi- 
ntum valve d, which operates in the event of the pump shutting down arid thus prevents the 
oU and air finding its way into the stationary pump and rsctifier. 
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The auxiliary anodes Wve to maintain the arc when the load drops 
to a very low level (about 40 amps). They may be said to constitute a 
single phase rectifier within a six phase one, bemuse they are connected 
externally with a small exciting transformer providing about H km, 
which keeps up the temperature of the cathode spot. 

The mid point of the exciting transformer is brought out as in the case 
of the main transformer and connected through a resistance and small 
reactance to the cathode — ^the former limits the current consumed while 

A.C. SUPPLY 



tipmrution, when the main transformer is energized, the primary switch of the excitatioo 
traflMformer Tex, closes at the same time, thereby complettng the circuit of the ignitkMi ooil 
1C. brings down the ignition anode until it touches the mercury bath of the rectifier. The 

drcuit of coil IC. is now opened , d ue to the current passing down the rod to the ignition anode, 
whkh causes the right hand contacts of relay R. to open. The ignition anode is now drawn 
up by a spring acting in opposition to coil IC. and at the point of rupture with the mercury 
an arc is started. As the two excitauon anodes Ex, are already charged, an arc now starta 
from them to the cathode. The excitation current strength being greater than that of the 
ignition current the second pert of relay R, operates and its contactsare opened, thereby ex- 
tinguahing the ignition arc and leaving the rectifier ready to be loaded as reguif^. 
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the latter insures that the amdliary arc will not drop to zero at each half 
period. 

The main anodes are screwed to the anode bolts which convey the 
current to them, the transformer conn^ons are brought to lugs fitM 
to the upper part of these bolts. Specially designed insulators separate 
the anodes from the anode plate. 

Mercury arc power rectifiers are made in various sizes with 
ratings from about 150 to 2,000 kw. at voltages up to about 
1,800 volts. For higher d.c. voltages up to 6,000 volts, the cur- 
rent ratings are somewhat reduced. 

For a rectifier layout in its simplest form there is only one important 
auxiliary provided, namely, the vacuum pump set, as shown in fig. 4,370. 



From what has already been said, it will be appreciated that a high vacuum 
is al 3 ^ 1 utely essential to the satisfactory operation of the plant. 

For the ignition of the arc, alternating current is now employed whkh 
has enabled the plant to be materially simplified. The diagram, fig. 4,371 
^ows the ignition and excitation circuit. 

Argon Gas Bulb Rectifiers.— Instead of putting mercury in an 
exhausted glass bulb, argon gas may be used. 
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Typical aiigon gas bulb rectifiers are these made by the 
Westioghouse Cmnpany and General Electric Company under 
the trade names “Rectigon” and “Tungar” respectively. 

The Rectigon outfit consists essentially of a transformer for converting 
the voltage to the proper value, and a bulb for rectifying. Tbs bulb is 
a glass envdope, containing an anode and a cathode in the shape of a 
fil^ent* suiTOunded by an atmosj^ere of pure argon. Leads to the anode 
and cathode are sealed through the glass walls of the bulbs. For con- 
venience of installation, the filament leads are connected to the termiiiala 
of a screw base. 



Fio. 4,973. — ^PuU w«ve Rectigon schematic diagram of connections. 


When alternating current voltage is applied to the transformer, the 
filament of the bulb is heated to incandescence by current from a special 
winding on the transformer. At incandescent temperature, the filament 
emits dectrons which, by collision with the molecules of the gas, ionize 
the gas and provide the means of current flow from the anode to the 


NOTE , — Arfion This gas forms rather less than one per cent of the atmoephers. Its pnse- 

enoe in the air waa first indicated by the fact that a liter of nitrogen prepared from air was found 
to anrigh heavier than a liter of pure nitrogen obtained in other ways. It can be obtained by paae- 
^ectric aparka through air in presence of caustic potash, and gradually adding ogygen until 
all the rAttogien baa been converted into potassium nitrite and nitrate. Atomic wdgbt, 40. Has 
a characteristic spectrum, a monatomic mofocute. It appaan to be incapable of eatariiig into 
chsiBiail oombitiatiaii aritii any other dement or oompoiiiid whatever. 
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cathode. Since the anode remains at a comparatively low temperatiire> 
current cannot flow in the reverse direction. 

The voltage of the secondary of the transformer is applied to the load 
through the bulb and due to the valvelike action of the bulb, current is 
permitted to flow in only one direction. 


The General Electric “Tungar” rectifier is 
similar to the Rectigon . It consists essentially 
of one or two bulbs, a transformer and an 
enclosing case. 




Figs. 4.374 and 4.375. — ^Westinghouae Rect^^on bulbs. Fig. 4,374. two ampere; fig. 4,375, sVs 
ampere. The small portable Kectigons are designed to charge single batteries in homes and 
private garages In these outhts the transformer secondary voltage and internal reactance are 
so chosen to give a charging current not far from the rated values under any conditions of line 
or battery wittim reasonable limits without any change in connections or any adjustment for 
different conditions. The application is limited to lines of voltage variation from ICO to 130 
volts and to batteries of between 1 and 48 cxlls. Within these limits the charging current 
varies from 20% above the rated value to about 50% below. Thus, with a line voltage 10% 
above normal and charging 3 cells the current will be approximatdy 20% above tlie rated 
value, and with a line voltage 10% below normal and charging 6 cells, the current will be 
approximately 50% of the rat^ value. The charging current does not vary appreciably during 
ctoge. 
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The bulb is similar in appearance to an incandescent lamp. A lov 
voltage filament, the cathode, and one or sometimes two carbon modes are 
used for electrodes. The bulb is filled with argon gas. 

When the filament is energized the space between the electrodes acts 
as an electric valve of low resistance, allowing current to flow only fnom 
anode to cathode. Therefore, only uni-directional or direct current can 
flow from the battery charger. The transformer sa-ves three purposes: 
First, it adjusts the voltage of the alternating supi^y to that required 
by t^ batteries; second, it furnishes a separate source of exdtation for 



Pto. 4,376.— Weitiiighoutt 12 ampere, 75 volt, Rectigoa rectifier with cover removed Showing 
bulbs, etc. By means of the arrangement of the d.c. leads, the user is given the choice of three 
combinations for charging batteries, as there are always two circuits availaUe. The first com- 
Usaticm will charge two groups, of from one to ten batteries each, at a six ampere rate. Or, 
by turning the regulating handle to the off position, it is possible to eliminate one group. A 
second rearrangement of the external connecttoos permits one to charge a maximum of ten 
batteries at the rate of 12 amperes. The third combination is an arrangement of batteriee 
into three groups so that the current going into one group will equal the sum of the carrents 
in the other two groups. In this manner it is possible to give a high charging rate to a special 
group of batteries and at the same time charge two other groups at a low rate. 


the filament; and third, it insulates the batteries from the supply current. 

Various battery voltages are used. 24 and 48 volt systems predominate, 
although 12 volts is often used on small and 110 volts on large systems. 

Bnlb Rectifier Troubles.— Typical of the characteristics of 
operation of bulb type rectifiers, the following troubles relating 
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in particular to Tungar rectifiers, with their remedies are given. 
If, on turning on the dial switch, the bulb do not glow: 

1. Sec whether the a.c, supply be on; 

2. Examine the supply line fuses. If these be blown or be defective 
replace them with 10 ampere fuses for a 115 volt outfit or with 6 ampere 

for a 220 volt outfit; 

3. Make sure that the bulb is screwed well into the socket; 

4. Examine the contacts inside the socket. If they be tamiidied or 
dirty, dean them with sandpaper; 



Fras. 4,379 and 43B0.— Wettinghcmae 6 amperes, 75 volts Rectigon battery dbaiger for pubae 
garaess and battery service stations. Fig. 4,379, cfaarger clowdi figi 4,380. charger open 
showing construction. 


5. Try a new bulb. The old bulb may be defective; 

6. Have the switch arm make good contact on the regulating switch. 

If the bulbs light, but no current show on the ammeter: 

1. Examine the connections to the batteries, and also the connections 
between them . Most troubles are caused by imperfect battery connections; 

2. Examine the fuse inside the case. If this be blown or defective, re*> 
place it with a 12 ampere fuse; 
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3. See that the clip is on the wire of the Sulb; 

4. The bulb may have a slow leak and therefore may not rectify. Try 
a new bulb. 

If the current on the ammeter be high and cannot be reduced: 



Fns. 4,381.— General Electric Tungar battery charger, home tjrpe* for lead batteries. 6 ampeie 
charging rale for 3 cells or 3 ampere charging rate for 6 cells. This type of Tungar is especially 
adapted fc»' charging radio batteries. The number of ampere hours replaced should be about 
30% highn: than those taken out of a battery. For example, if a 3 tube receiving set (1 am- 
pere per tube) be operated 3 hours, the battery will deliver 9 ampere hours. The Tungar should 
be operated approximately 2 H hours or a total of 12 ampere hours to replace this amount of 
dlsctorge. Keep the liattery in a fully charged condition at all times. Always have the leads 
from the battery to the radio set disconnected when charging. The radio set is grounded, and 
trouble will occur if these instructions be not followed. Always pull the attachment plug out 
of the socket. Never merely turn off the socket switch when discontinuing charging. Make the 
detector filament connections direct to the battery and not to the Tungar leads. A safe ar- 
rangement is to have a small double pole, double throw switch, the battery being connected ip 
the blade terminals, the Tungar to the terminals on one end and the bulbs to the terminals on 
the other end. 

1. The ammeter may be sticky; tap it lightly with the hand. The 
ammeter will not indicate the current correctly if the pointer be not on 
the zero line when the Tungar is not operating. The pointer may be 
easily reset by turning slightly the screw on the lower part of the instni^ 
ment; 
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2. Be sure that the batteries are not connected with reversed polarity; 

3. The ax, supply may be abnormally hi£^. Make sure that the pri- 
mary connection is made to the tap nearest to the supply voltage. iUways 
keep a spare bulb on hand that has been tested for at least one complete 
charge before being placed in reserve. 



Fig. 4,382.— Wettinghome ''Rectos*' dry junctioo trickle dterser. 

Fio. 4,383.— Connection plate of Rectox dry junction trickle charger. This outfit will charsa 
a 6 volt storage battery at a maximum rate of approximately .75 ampere continuously and 
provision is also made for charging at a .4 ampere rate if desired, in charging, it is merely 
necessary to connect the battery to the charger by means of short copper wires, and then 
plug the a,e, lead into any convenient light socket. The position of Uie link connector on 
the front of the outfit determines whether half or full rate charging will be necessary to 
sdect the proper terminals, which are very plainly marked, in order to obtain the dunging 
rate dratied. 


Dry JoDction Rectifier. — ^This type rectifier was introduced 
with the idea of avoiding electrolyte, gas, or vacuum as em- 
ployed in the rectifiers just describe. The rectifier of this type 
here described is made by the Westinghouse Qanpany under 
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the trade name “Rectox." This outfit consists chiefiy of a 
suitably designed transformer and copper oxide rectifying 
elements enclosed in a sheet steel case. 

The rectifying element consists of copper discs or wallers, one ^de of 
which has b^n treated at high temperature to collect a coati^ of copper 
oxide. The^ discs are separated from each other by a washer to 



Fig. 4484.^Weitinghouie diy junetloii rectlller unit eomisHiif of tveafesd eopptr dto 
dMchbod in the aoeonipanyins tent. 
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fumiBh gcxxl contact. The d,c, terminals, fuse and charging rate sdector 
studs are located at one end of the outfit and all parts plainly marked. 

The two standard methods of connecting tectifiers for full ware recti- 
fication are shown in figs. 4,385 and 4,386. 
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Fig. 4»390 shows an assembly of four copper oxide rectifier elements into 
a group for full wave rectification, the connections being the same as in 
fig. 4,389. Such an assembly may be used without a central tap in the 
transformer. With good ventilation, such a unit will supply a uni-direc- 
tional pressure of 6 volts and a current which depends on the area used. 

The current density that may be used depends on the effectiveness of 
the ventilation that is provided. In order to dispose of the power lost '.i 



Fte. 4,388. — ^Kodel “Kuprox" rectifier disc. The reetiHcationn due to a thin layer of copper 
nariri#> formed directly upon a sheet of pure copper A, and coated on its outer surface 

with a thin copper film , O. The direction of current flow , is from the copper films O . or 
O, throu^ the intervening oxide layers BS or B», to the underlying copper plate A. If the 
positive terminal of a battery or other source of energy be connected to A, provided the 
critical voltage be not exceeded, no current will pass through the Kuprozdisc upon completioo 
of the exterior eiffface. 



Pig. 4,389. — ^Aasembly of single half wave rectifier. 
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the rectifier, it may be provided vdth ventilating fins. With current den- 
sities greater than two amperes per square inch, a forced air draught or 
immersion in oil is necessary. 



Fto. 4,3S0. — Group uaembly of dry junction rectifier discs for full wave rectification. 


TEST QUESTIONS 

1 . What is the purpose of a rectifier? 

2. Give the definition of a rectifier. 

3. For what applications are rectifiers used to advantage? 

4. Give a classification of rectifiers. 

5. What is a mechanical rectifier? 

6. Of what does an electro-magnetic rectifier consist? 

7. Name two kinds of electro-magnetic rectifiers. 

8. What is an electrolytic rectifier? 

9. What are electrolytic rectifiers sometimes caUed? 
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10. What metal is extensively used in the construction of 

electrolytic rectifiers? 

11. Describe the Nodon valve. 

12. Describe the Fleming oscillation valve. 

13. Describe theGrisson valve. 

14. Who invented the audion valve? 

15. How does the Churcher valve operate? 

16. Describe the Pawlowski valve. 

17. What type is the Buttner valve? 

18. What significance have the terms vapor and arc as 

applied to rectifiers? 

19. Describe at length the Cooper- Hewitt mercury vapor 

rectifier. 

20. What are the two kinds of losses in the rectifier tube? 

21 . What is a mercury arc power rectifier? 

22. Describe a mercury arc rectifier outfit. 

23 . How is a mercury arc rectifier started? 

24. Describe at length the American Brown Boveri mer- 

cury arc power rectifier. 

25. Describe the construction of the mercury seal for 

power rectifiers. 

26. How does the two stage pump used with the power 

rectifier work? 

27. What is the range of sizes of mercury arc power recti- 

fiers? 

28. Describe the argon gas bulb rectifier. 

29. Give some points on argon gas. 

30. Give a number of bulb rectifier troubles, with theii" 

remedies. 

31. What is a dry Junction rectifier? 
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CHAPTER 81 

Lightning Arresters 

By definition a lightning arrester is a device for providing a 
path by which lightning disturbances or other static discharges 
are passed to the earth. 

A lightning arrester is a device intended primarily to prevent 
damage to electrical apparatus which may be caused by dis- 
turbances due to lightning. The study of the effects of light- 
ning is of even greater importance than that of the lightning 
itself. 

Most of the effects of lightning found on electrical circuits are due not 
to a direct stroke of lightning striking the transmission line, but rather 
due to the so called induced voltage which appears on the transmisuon 
line when a cloud over the line suddenly dis(^rges either to ground or 
to another cloud. 

lightning arresters are not intended to take care of direct 
strokes, and like poles, or insulators, or other portions of the 
structure of electrical circuits, may be destroyed by such a 
discharge. 

The magnitude of the voltage which appears on a line when 
the cloud overhead discharges depends upon the hei^t of the 
line above the ground and the pressure gradient at the time 
of discharge in the region where the line is located. 
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The rapidity with which the voltage appears on the transmission line 
is determined by the rapidity with whidi the cloud discharges. As is 
well known, from watching lightning during a thunder storm, the dis* 
charge takes place in a very short time. That time may be, perhaps, the 
time it takes electricity to travel from the cloud to the ground, which if 
the cloud be half a mile above the earth and discharged to the earth, 
would be of the order of 1/400,000 part of a second. 


Some observers believe that the lightning discharge is oscilla- 
tory in character, while others are of the opinion that the dis- 
charge is unidirectional. 

Considerable material has been written concerning the magnitude of the 
voltage and current which may be found in lightning discharges. Valuable 
as these factors are in helping to clear up the lightning problem, the mag- 
nitude of the voltage on the line and the rate at which it builds up are 
of immediate importance 

Since the portion of the line under the cloud is charged to a certain 
voltage against ground, the transmission circuit so affected may be con- 
sidered as a condenser which discharges into the rest of the circuit not 
under the cloud. As a result of such a discharge, two waves of voltage 
travel along the transmission line in opposite directions from the dis- 
turbance. If these waves do not flash over some insulator as they travel 
along the line, they will continue until some inductive electrical apparatua 
is reached where insulation between turns or between conductors and 
ground may be punctured or otherwise danaaged unless properly pro- 
tected by a lightning arrester. Any study, then, of the lightning problem 
must involve the study of the effects of a wave traveling along an elec- 
trical conductor, these waves being so constituted that the voltage rises , 
from zero to a maximum of many times tlie operating voltage of the line 
in a period of time as short as a few microseconds. 

Considerable experimentation has been made with discharges of con- 
densers producing waves of this character, but no means have been avail- 
able whereby the exact foim of these waves could be determined, until 
recently. 

A scientific study of the whole problem involves the use of some oscillo 
graphic device such as shown in figs. 4,391 and 4,392, which will depict 
easily and accurately transient phenomena of extremely short duration. 
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Figs. 4,391 and 4,392. — Dufour oscillc^n^ph. FiR. 4,391, external view, fig. 4,392, elementary 
diagram showing operation. There are two sets of deflector coils 1 , 2, 3. 4, so arranged at 
to produce a time scale which may give a distance of several an, on the him corresponding 
to a millionth of a second. In one of the sets of deflecting coils a transient curamt is passed 
in such a manner that the electron stream is held olT the film until the proper time arrives, 
when it sweeps across the film at a uniform rate . The circuit is so arranged that the electron 
stream does not again return to the film. Thus, with these so called sweeping coils imly 
in use, a straight line is traced. Through the other set of deflecting coils is passed a current 
from an oscillator whose amplitude is adjusted so that the electron stream is not deflected 
beyond the edges of the film. When these coils only arc energized a straight line is traced. 
When both of these coils are energized simultaneously the effect is to produce a wave form. 
By these means a time scale is produced in either of two dtiections as desired. By using 
the sweeping alone without the oscillator, a time scale may be obtained such that 1 m. 
along the film is equal to about 8 microseconds. Using the oscillatcNr atone the magoifica- 
tkm of the time scale is limited only by the frequency which it is possible to secure in tha 
cadlllator circuit. 
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Terms Relating to Arresters 

For a clear understanding of this chapter the reader ^oiild 
note the following: 


Definitions 

Cathode Ray Oecillograph* — cathode ray oscillograph is an instru- 
ment in which the moving parts consist of cathode rays. This has a very 
high speed and can be us^ to accurately record surges of very shcnrt 
duration. 

Characterietic Element. — The characteristic element of a lighting ar- 
rester is that part of the arrester which controls the discharge current 
and which suppresses the follow current. 

Discharge Current. — ^The discharge current of a lightning arrester is 
the current resulting from the surge which flows through the lightning 
arrester to earth during the time the lighting surge is taking place on the 
circuit. 

Follow Current. — ^After the surge current caused by the lightning dis- 
turbanoe* passes through the lightning arrester » there is formed a conducting 
path through which the normal or generate current of the circuit may sHao 
flow. Although this generated current is Anally stopped, some of the 
current follows the surge current through the lightning arrester and this 
current is called follow ctirreni. 

% * 

Ground. — Any conducting coimection between an electrical circuit and 
the earth, is called a ground or earth, the word earth being more accurate 
when applied in connection with the use of lightning arresters. 

Horn Gap. — ^A horn gap is a spark gap equipped with metal horns to 
assist in interrupting the follow current. Such a gap is sometimes used 
as a series gap with a lightning arrester. 

Lightning. — ^Lightning is an electrical discharge occurri^ in the at^ 
mosphere from cloud to cloud, between cloud and earth or within a doad. 
When such a discharge between cloud and earth terminates on a trans- 
mission line, a distribution line, electrical machinery or other objects* it 
is called a direct stroke of lightning. Although direct strokes may be dia* 
strucrive, they usually strike dectical systems only in the trsnwiristkm 
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circuit, where, at, the present state of the art, it is not economic to com- 
pletely protect against them. Lightning arresters are not in general de- 
signed to protect against direct strokes. 

Lightning Arrester lightning arrester is a device providing a path 
for electric current between any electric circuit and the earth, through 
which, upon occurrence of a lightning surge, current will be conducted in 
suJiident amount to reduce the over voltage of the circuit caused by the 
surge, and after this reduction, the current will cease to be so conducted. 

Lightning Surge . — A lightning surge is a temporary electrical disturb- 
ance in an electric circuit caused by lightning. 
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Vkss. 4,383 snd 4,394.— Method of meaiuriiig the voltase of an actual hghtniiis stroke. 


Protected Series Gap . — A protected series gap is a series gap protected 
from rain and other precipitation by a roof or cover. 

Series Gap . — A spark gap connected in series with a lightning arrester 
which keeps the circuit through the lighting arrester open under normal 
conditioiiSt but closes the circuit for the lightningdischaige by sparkingover. 
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CiMBiflcBtion. — Lightning arresters may be classified 

1. With respect to their use, as to 

а. The kind of circuit to be protected: such as power or conununication 
circuit, 

б. Location: that is, whether it be for use on distribution circuits or at 
large stations. 

c. Weather protection; whether indoor or outdoor type. 



100 KV. KV g^lZA KV. 
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y y a 
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Fig. 4,395. — Electric field voltages in space caused by charged cloud. 


d. Nature of generated current; whether d.c. or o.c. 

€. The system of connection; whether it be earthed or non-earthed. 


2. With respect to control of follow current, as 

a. Valve type. 

b. Follow current type. 
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Qves. What are the causes of static charges? 

Axis. They may be caused by sand storms in dry climates, 
charges from overhead clouds, smoke, dust particles in the air, 
etc. 


Ques. What causes high frequency oscillations? 


Ans. They are usually due to lightning discharges in the 
vicinity of the line, either from cloud to cloud, from cloud to 
earth, or within a cloud. 



PiC. 4>396. — Curves shovring the manner in which the voltage increases on the line with de« 
crease in voltage on the' cloud. 

Ques. What are the requirements of lightning protection 
devices? 

Ans. They must prevent excessive pressure differences be- 
tween line and ground, line and line, and prevent damage to 
electrical machinery by keeping the pressure, due to lightning, 
at a low value. 
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Ones. What is a spark? 

Ans. The conduction of electricity by air. 

Ques. What is an arc? 



PiQ. Lightning diicharge from transmiaaioD line photographed on revolving film twta 

made m the mountains of dorado. A 24 mile idle line was available. The li ghtning 
was permitted to discharge to ground through a large gap in aeries with a small auxiliary 
gap in a dark box. A rgpidly revolving photographic film on a steel disc recorded the 
charge. Many of these discharges were photographed. In all cases, following the first 
impudse, a very highly damped oscillation took place at. the natural period of the Use dr 
about 1,900 cycles. 

Ans. The conduction of electricity by vapor £r(nn the elec> 
trodes. 

Ques. What is the difference between an arrester for a 
grounded Y and non-grounded neutral system? 

Ans. The difference in design is that the arrester for the non* 
grounded neutral system must be buUt to take care of a hi^ier. 
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voltage. The reason for this is that under certain conditiinis 
the non-grounded system has a hi^er voltage to ground than 
the grounded system and this requires a higher voltage light- 
ning arrester. 


Ques. Why is a higher voltage obtainable with the ntm- 
gronnded system? 


.spark PLU6 




FiGt* 4,398 and 4,399.-— Two familiar Uiustrattons showing the distinction between a spark 
and an arc. 


Ans. If one line become acddentally grounded, the full line 
voltage would be thrown across one leg. On a Y s3rstem with a 
grounded neutral, the accidentally grounded phase causesa shwt 
circuit of the phase and the arrester is relieved of the strain by 
the trippii^ of the circuit breaker. Briefly stated, a hig^her 
wdtage arrester is used when for any reason, the system can be 
operated, even for a dhort time with one jdiase grounded. 
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Valve Type Arrester. — This type arrester is one whose char- 
acteristic element has a very high resistance at normal voltage, 
which resistance decreases as the voltage increases and then returns 
to its normal value when the surge voltage returns to zero. These 
characteristics result in suppressing the follow current. 

In other words, the valve type acts as a valve and lets the high pressure 
surges pass through the arrester, but shuts the valve when the normal 
line current attempts to follow. 
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Fig. 4.400. — Westinjjhauae valve type arrester for protection of distribution transformers; 
yottages up to 50,000. The protection of distribution systems is mainly a problem of difk 
tribution transformer protection. This differs in every respect from the problem involved 
in the protection of station type apparatus. The construction of the arrester is plainly 
shown in the illustration. 


Fdlow Type Arresters. — By definition a follow current type 
arrester is one that permits follow current to flow and then puts 
out the follow current. 

This method of putting out the follow current might be by means of 
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a magnetic blowout; the change in characteristics of metal vapor prevent- 
ing the reversal of current; or allowing the heat of an arc to draw it out 
and break it as in the horn gap type. 


Protective Characteristics. — The protective ability of a light- 
ning arrester depends upon i/te voltage to which it allows the 
surge to go and the time during which it permits such voltage to 
be maintained. 





VlGS. 4,401 to 4,403. — General Elecirlc magnetic blowout (follow type) arresters Fig. 4,401 
for outdoo'" service up to VFA) volts, lig 4,402 foi indoor 750 vtili service, fig. 4,403 type for 
mounting under car. 350-750 volts. 


Although the time of a lightning .surge is very small, and can only be 
measured in millionths of a second, this time is important, and the length 
of time that the high voltage is impressed on the electrical machinery, in 
addition to how high the voltage is, determines whether the electrical 
machinery will have a breakdown of its insulation or not. 


Air Gap Arresters. — A method of relieving any abnormal 
pressure condition is to connect a discharge air gap between some 
point on an electric conductor and the ground. The resistance 
thus interposed between the ground and the conductor is such 
that any voltage very much in excess of the maximum normal 
will cause a discharge to ground, whereas at other times the 
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conductor is ungrounded because of the air gap. This forms the 
jnindple of air gap arresters. 

The single gap, while adequate for telegraph line protection, was found 
insufficient for electric light and power circuits, because since the current 
of such circuits is considerable and usually at high pressure, it would 
follow the lightning discharge across the gap. Thus the problem arose 
to provide means for preventing the line current going through the ar- 
rester, and this has resulted in the introduction of several new forma 



Pig. 4,404. — ^Diagram illustrating operation of magnetic blowout (follow tsrpe) arrester. The 
meeter connUf of an adjustable spark gap in aeries with a resistance. Part of the re- 
eistance is in shunt with a blowout coil, between the poles of which is the spark gap. llie 
parts are mounted on a porcelain base which, for outdoor service, is in turn mount^ in an 
asbestos lined wooden box. In operation, when the lightning voltage comes on the line, 
it causes the spark gap to break down and a discharge occurs through the gap and the re- 
•iatanoe rod to ground. Part of the line current following the discharge shunts through 
the blowout coil, producing a strong magnetic held across the spark gap. The magnetic 
field blows out the discharge arc and restores normal conditions. 


LINE 

— ooooooooooo— ^ 

NON-ARCING METAL CYLINDERS 

Fig. 4,405.— Non-arcing multi-gap arrester. Based on the principle of employing for the 
terminals across which the arc is formed, such metals as are least capable of mamtaining an 
alternating arc between them. This so called non-arcing property of certain metals wm 
diacovered by Alexander Wurt*. The action is such that the “line current*' which fotlowk 
the lightning discharge follows as an arc, but is stopped at the end of one altematkMi be* 
cause of the property of the non-arcing metals to carry an arc in one direction, but requiring 
an extremely high voltage to start a reverse arc. The non-arcing metals ordinarily em« 
ployed are alloys of zmc and copper. Plain multi-gap arresters as here shown operata aat- 
iiCactorily with the smaller machines and on cucuits of limited gower, partigukrly IfiW 
voftage circtttts. 
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of arresters, particularly the pellet type and the station type oxide film 
lil^tning arresters. 

OpCTatkni of a lightning Arrester. — ^The cycle by which a 
lightning arrester operates includes the following action: 

1. Due to the series gaps, no current frran the line pass^ 
through the arrester and the arrester circuit stays open; 

2. When the lightning surge takes place, the voltage goes up 
his^ enough to arc over the series gap, and the surge current 
oc discharge passes through the lightning arrester to earth; 

3. The surge current continues to flow as long as the sux^e 
voltage is on the line, and after this stops flowing, a small 
amount of the generated current on the line may flow also, 
depending upon the type of arrester; 

4. As soon as the svirge voltage has been reduced to a very 
low value, the surge current stops flowing, and shcally aft^, 
the follow current, if any, stops flowing and the arrester is 
restcxed to the original condition. 

As soon as the arrester has discharged as just described, it 
should be ready for another discharge in case of other lightning 
voltages. 

P^iet Arresters. — ^The essential elements of an arrester of 
this type are a number of small pills about ^ in., in dutmeier 
made of lead peroxide. 

These are coated with litharge powder which forms a film around the 
pill. These litharge coated pills or pellets are placed in a porcelain tube 
and assembled in good electrical contacts with metal electrodes at each 
end of the column. 

Between the line lead and the pellet column is one or more 
series gaps which separate the pellets from the line under nor- 
mal oonrUtirms, but which allow a discharge to take place, when 
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the voltage reaches a sufficiently high value above normal 
voltage. 


ThivS construction is shown in figs. 4,406 and 4,407. The finished arrester 
as here shown consists of hundreds of miniature cells in series and in 
paiallei. The litharge film apparently acts as a porous spacer and not 
as a solid insulation. This gives high speed and freedom of discharge. 



W)PCeLAIN 

CONTAINED' 


GROUND 


GASKET 



Fif.s. 4,406 and 4,407. — General Electric pellet type arrester. Applications The pellet oxide 
film arrester is made for application to a c. constant pressure circuits of voltages up to 
&0,00(K It IS for outdcx)r service only and is used primarily for the protection of distribu- 
tum transformers and moderate sized sul^station transformers. The pellet type of oxide 
him arrester is a modilicalion of the well known cell tyj)e of oxide film arrester . The latter type, 
irluch was developed for large stations and large outdoor transformers, has been in sue- 
ofiesful service since 1915 on circuits with voltages ranging from 300 to 220,000. This 
•rresier te of the valve type. 


High voltage surges go through this pellet arrester in a 
number of parallel paths and the sealing occurs at the contact 
surfaces of all the pellets in the path of the surge ciurent. 

It might be expected that such small contact surfaces as exist between 
the oellets would be quickly worn away by the discharge, but this is not 
the ease. The contact surface is punctured by the discharge, but the 
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sealing at once reforms the film and the ccmtact surface is restored, ready 
for additional service. 

The pellets have the mechanical strength to withstand the heavy suiget 
that this type of arrester will discharge. 

The satisfactory performance of this arrester, or any lightning arrester » 
depends upon its application to circuits where the maximum voltage at 
no time exceeds the maximum rating of the arrester. 



Ftas. 4.408 and 4.409 .^-General Electric compression chamber arresters; sectional views show 
oompcesskm chamber. ; 

Pigs. 4.410 and 4.411. — General Electric pellet type oxide film anesteia. Fig. 4,410, 25,000 
volt; fig. 4.411 37,000 Volt. 


Compression Chamber Arrestm’s. — These are nmde for the 
protection of apparatus on secondary lighting and power cir- 
cuits. The 750 volt arresters are especially suitable for the 
protection of apparatus on railway signal feeder circuits. All 
are for outdoor service only. 
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Hie essential elements of a compression chamber arrester 
are two electrodes with a small air gap between them, placed be- 
tween line and ground. The lightning voltage sparks over the 
and a current flows to ground, thus relieving the Ughtning 
strain. 

The gap electrodes are made of a brass alloy, which gives off a sine 
vapor due to the heating of the current. This vapor has a rectifying effect 
preventing the reversal of the current, so that at the end of the cycle on 
which the discharge occurs, the line current following the diaebuse is 




I^GS. 4,412 to 4,416.~Gcneral Electric oidde fUm arrester odl. Fig. 4,412, nsstnibied dll; 
fifB. 4,413 to 4,416. cell before assembly. In conmtruetion the cells arc held tofethsr 
under moderate pressure and are arrangi^ in sections or stacks according to the vAtage 
and Idnd of circuit. The cells are disc ^ped, about 7 ^ ins. in diameter andfi in thi^ as 
shown. The active area is approximately 23 sq . in. Each cell is made of two circuhff brass 
plates crimped firmly to the ^ges of an annular piece of porcelain, as riiown in fig. 4,416. 
A powder, lead peroxide, which has very low resistance, compactly fills the space betweeb 
the plates. The inside of the metal plates is covered with a varnish film which is an in< 
sulator. The number of cells used in an arrester is such that the voltage per esU is ap* 
proximately 300 volts. The active area is about 23 sq. in. 


cut of! and nonnal conditions are thus restored. In the compressioii 
chamber arrester the gap electrodes are separated by a porcelain spacer. 
It will be noted in hgs. 4,408 and 4,409 that the brass alloy makes a wnpH 
dosed chamber. 

During the discharge, the gases formed by the arc are kdi 
wUhin these chambers and become slightly compressed and asskt 
in extinguishing the arc by partially smothering it. This feature 
gives the arrester its name. 
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Fto. 4,417 ^-*<scaertf Electric oxide film aixeeter, eectiofial yi4w Showing ooostnictioii and 
nenve of pent. In putting in the oellt, they are stacked up and damp^ between treated 
nroodtn auppiortit. The daiiiphig oanetmetkn ie tuch that oellt can be removed from one 
eeetiion wnhout disturbing those in another. Arresters for outdoor service have galvanised 
abaet Iron louvres attached to the wooden supports to give protection against the weather. 
Tboss louvres con easily be removed for inspMtion and repaita. 



2,538 


Lightning Arresters 


Oxide Film Arresters. — ^This type arrester consists essen* 
tially of a number of cells with a gap in series between line and 
ground. 

The cells are held together under moderate pressure and are arranged 
in sections or stacks, according to the voltage and kind of circuit. The 
. cells are disc shape, about 7}4 in. in diameter and ^ in. thick as shown 
in fig. 4,412. 


In operation when a lightning voltage sparks over the gap, it 
is impressed on the cells and breaks down the insulating coating 



Fig. 4,418. — General Electric three phase oxide film arrester for outdoor aervkie 20,000 to 
25,000 volts; shields of middle leg removed for inspection. 


A breakdown occurs in the form of a minute crater on the film coatings 
The metal plates are not punctured . As soon as the crater forms, a dischargs 
current flows through the cells to ground thus relieving the lightiunt^ 
pressure. The flow of cunent through the cells, througji some action, 
the theory of which at the present time is not entirely understood, seds 
up the opening to the crater and prevents the generator current fottowhig 
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the lightning discharge. The arc in the series gap dies out and the ar- 
rester is again disconnected from the line. 

If the voltage should still or again be sufficiently high to break down 
the gap, the operation is repeated, either at the same point or some other 
point on the surface of the varnished plates. These operations may con- 
tinue for many years, the sealing action taking place over the entire area 
and sometimes in the same identical point that the previous discharge 
took place. 




14 12 10 0 6 4 2^0*2 4 6 8 10 12 14 
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Pigs. 4,419 to 4.421. — Protected area and distribution of hits between rod and ground for 
different positions of storm center. 


When arresters of this type are used an inspection should 
always be made at the beginning and end of each lightning 
season* 

If the cells be found mechanically intact, the arrester can be consid- 
ered in first class operating condition. 
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Tlie number of cells required for a given operatii^ voltage is 
determined by allowing about 300 volts per cell. 

It is possible to pre-determine the characteristics of an oxide film light- 
ning arrester in a laboratory by using a lightning generatw and a cathode 
ray os^ograph. 


Ques. Ca n oxide film lightning arresters be operated at a 
low Ttdtage tempOTarUy and later at a high voltage? 

Ans. Yes. 
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Fic. 4,422. — Area protected by a lightning rod. 


This can be done by putting in enough cells for the final voltage, and 
short circuiting the extra cells while operating at the lower voltage. 


Ques. Describe the operations necessary in putting oxide 
film arresters in commission. 

Ans. The arrester should be assembled in accordance with 
construction drawings and the hemisphere gap adjusted for 
the correct gap setting. 
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AU grass, weeds, and other obstructions idiould be removed from under 
or near the arrester, as these are liable to short circuit the live parts. The 
insulators, hemispheres and other parts should be thoroughly deaned with 
a dry cloth to remove dust, surplus compound, etc. 

The arresters should have an initial charging opoation and after that 
they should be charged at the beginning of each lightning season. When 
possible, it is advisable to reduce the line voltage to half voltage and 
raise it in steps of three quarters in full voltage, charging the arrester at 
each step. 



Heighi of Rod in Percent of Cloud Height 


FiO. 4,423, — Division of hits between rod and ground for different heights of rod. When thn 
ttid has aero length, 100% of the hiU must strike the ground. When the height of the rod 
is 1.1% of the cloud height, the division of hits is equal, while all of the strokes go to the 
rod when it is about 2.5% of the cloud height. Over this range, the ground was never hit 
’ to the rod than four times its height . Electric tests. 


The procedure in any case will be as follows: 

X* Disconnect the arrester from the line, 

2. Discharge each stack of the arrester to ground. 

3. Inspect all connections and mechanical parts to ascertain if all be 
in good condition. 
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4. Where the line voltage is reduced for charging, all three gaps can be 
shorted at the same time with not greater than a 5 ampere fuse wire across 
eacn gap. Where the line voltage cannot be reduced, it is advisable to 
short each gap in turn before finally shorting all three gaps. At each volt- 
age gap the voltage should not be held over three minutes. If the fuses 
blow, or the cells show signs of trouble, indicated by any compounds being 
blown out, the operation should be discontinued and Uie arrester discon- 
nected, as the line circuit or arrester connections may be at fault. 

5. After the arrester has been satisfactorily charged, disconnect the ar- 
rester from the line and discharge the cell stack to ground. To discharge 
cell stack to ground, it is not necessary to discharge each individual cell. 
After the arrester is disconnected from the line, the line side of the gap 
should be grounded. Short circuiting the gap with the arrester discon- 
nected from the line will then discharge the cell stacks to ground. 

6. Remove all short circuit connections and inspect all parts to see that 
all mechanical parts are making proper contact. 

7. Make sure that the gaps are set in accordance with the gap settings 
applying to the particular ^titude that they are being operated at, and 
put the arrester in service. 

Ques. When is the pellet type of arrester used and when is 
the oxide film type of arrester used? 

Ans. The pellet type of arrester is generally used to protect 
small circuits, small banks of transformers, and other electrical 
machinery where the cost will not warrant the larger and more 
expensive arrester. The oxide film lightning arrester is used 
for all important stations for protecting large banks of trans- 
formers, and for protecting circuits where trouble from light- 
ning would be very dangerous and expensive. 

Ques. What are the essentials for giving satisfactory light- 
ning protection to electrical machinery? 

Ans. They are as follows: 

1. A lightning arrester should be selected that will impress the lowest 
voltage, for the shortest time on the insulation during lightning disturb- 
ances. 
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2. The lightning arresters should be placed as close to the electric 
machinery it is protecting as possible. If it be placed too far away, the ar- 
rester will be unable to protect, or will give less protection than it would 
if it were right adjacent to the apparatus it is protecting. 

3. The ground resistance must be as low as possible. No arrester can 
be effective with a high ground resistance. 



Pio. 4.424. — Methcxl of grounding for pole type lightning arresters protecting distribution 
transformers. Under average soil conditions this meth^ should provide a resistance of 
15 ohms or less, which if maintained, wilt be adequate for the pole type arresters. A singks 
driven pipe, if liberally salted, will frequently give a suitably low resistance value for ar- 
resters on the customary 2300-4000 volt class of distribution circuits, particularly in r^kxu 
of large arrester density. A ground resistance much above 15 ohms becomes questionable 
particularly in sections where the transformer density is a minimum; that is. where the 
number of discharge paths in parallel would be a minimum, thus requiring the total energy 
induced on the circuit over a considerable area or length of line to be discharged throu^ 
but one or two arrester installations. In other words, the minimum ground resistance is 
desirable in areas of minimum installatioa density. 
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Ques. What means are available to determine which 
arrester gives the best protection? 

Ans. It is possible, in a laboratory, by means of a lightning 
generator and a cathode ray oscillograph, to see the path of the 
discharge through the lightning arrester, what voltage the 
lightning arrester allows the circuit voltage to go to, and how 
long this high voltage is impressed on the insulation of the elec- 
trical machinery being protected. 
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4.425. — Pipe ground element. Drive one inch iron pipes to the permanent tnoistun 
level and then salt the ground around the pipes to a depth of several feet. The number 
of arrester grounds depends upon the character of the soil and the aiae of the arrester in- 
stallation. For the average power or lighting station, the installation of four such ground 
pipe arrangements as here described should be sufficient. These should be located near 
each outside wall of the station and bussed eoltdlsr together. One of these'groups should 
be installed at a point nearest the arrester, or a fifth put in at such a point. It is advisable 
to connect these earth pipes to the iron framework of the station, and also to any water 
mains, metal flumes, or trolley rails that are available. In no case should there be le« than 
two pipe grounds installed, and whereaccuraterecordsaretobekeptof ground resistance, at 
least three such pipe grounds should be made, with the individual pipes six feet or more ap^. 


Qnes. Is this the only requirement for a good arrester? 

Ans. No, it is also necessary to have an arrestet :ugged 
enough to withstand tmusual conditions. 
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Grounded and Ungrounded Neutral Circuits. — It is imptat- 
ant to avoid the mistake of using an arrester f(»r a thoroughly 
grounded neutral, when the neutral is only partially grounded, 
that is, grounded through an appreciable resistance. Careful 
consideration of this condition will make the above statement 
dear. 

In an arrester for a grounded neutral circuit, each 1% of the 



rio. 4,426.<-»The •yttem of multii^ driven pipes for groundinK afresten used to protect 
tnuMBnission line apparatus. The ground pipes are driven close against the arrester founda- 
tion, the latter affording mechanical protection against broken connection to pipes. Alt 
of the copper connecting bus and actual coimections to the pipes are above the aurfaoe cf 
the ground, promoting ease of inspection and testing. The number of pipes to be used 
depa^ upon the soil texture and resistivity, but under good soil conditions three or four 
driven pipes well treated with salt will be satislactory, while in many cases the soil emi- 
ditions wiU require eight or ten pipes which may be installed as shown and spaced not lisa 
than 6 feet on all sides of the arrester foundation. A good value of resistance for attestefa 
protecting station and substation apparatus will not be over 5 ohms, and in the eaaa Of 
the larger and more important arrester imtaUatioo even lower values of ground resiatgDflO 
should be attained. 
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arrester normally receives the neutral pressure when the arrester 
discharges, but if a phase become accidentally grounded, the line 
voltage is thrown across each of the other legs until the circuit 
breaker opens the circuit. 

The line voltage is 73% greater than the voltage to neutral or normal 
operating voltage. This means that when a grounded phase occurs, this 
over voltage is short circuited through the arrester until the circuit 
breaker opens. 



Figs. 4,427 to 4,431. — General Electric pipe ground connectiona. 

The amount of energy to be dissipated in the arrester de< 
pends upon the kilowatt capacity of the generator, the internal 
resistance of the arrester and the time required to operate the cir 
cuit breaker. 

It is evident that the greater the amount of resistance in the neutral, tlie 
longer will be the time required for the circuit breaker to operate. There- 
fore, in cases where the earthing resistance in the neutral is great enough 
to prevent the automatic circuit breaker opening practically instantane- 
ously, an arrester for a non-grounded neutral system should be installed. 
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Ground Connections. — In all lightning arrester installations, 
it is very important to nuike proper ground connections, as 
many lightning arrester troubles can be traced to bad grounds. 

It was formerly considered best to ground a lightning arrester by means 
of a large metal plate buried in a bed of charcoal at a depth of 6 to 8 ft. in 
the earth. 

A more satisfactory method of making a ground is to drive 
a number of 1 in. galvanized iron pipes or copper welded rods 
down to permanent moisture surrounding the station, connect- 



Flos. 4,432 and 4,433. — GenPTal Electric line connectore. Pig. 4,432, attadied to line: fig. 
4,433, attached to pole. Line connectors are supplied with all lightning arrestera above 
85,000 volts. These connectors are provided with soldered in cable and also set screws for 
lading cable in the connector. To operate, insert the switch hoo^ in the eye of the ccm- 
nector and turn to left until the connectors then may be placed on the line and releasad 
from the switch book by a right hand screw action. The reverse operation will detach 
the connector from the line and securely lock it to the switch hook. Attaching connector 
to arrester frame will then ground line side of gap. Short circuiting the li^Hisphere gaf 
will discharge the arrester to ground. 


ing all these pipes together by means of a heavy copper wire or 
preferably by a copper strap. 

If good grounding conditions be not obtained in this way, a quantity of 
salt should be placed around each pipe at the surface of the ground and the 
ground should be thoroughly moistened from time to time with water. 

It is also advisable to connect these pipes to the iron framework of the 
station and also to any water mains, metal flumes or other heavy metal 
systems which are available. 
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The following suggestkms are 
made for the usual size of station: 

1. Place three pipes equally spaced 
near each outside wall, maldng 12 all to- 
gether, and place 3 extra pipes spaced 
about 6 ft. apart at a point nearest the 
arrester; 

2. Where plates are placed in streams 
of running water, they should be buried 
in the mud along the bank in preference 
to being laid in the stream; 

3. Streams with rocky bottoms are to 
be avoided; 

4. Whenever plates are placed at any 
distance from the arrester, it is necessary 
also to drive a pipe into the earth di^ 
rectly beneath the arrester, thus making 
the ground connection as short as poa> 
sible. Earth plates at a distance cannot 
be depended upon. Long ground wires 
from the station cannot be depended 
upon unless a lead is carried to the paral^ 
lei grounding pipe installed as described 
above; 

5. As it is advisable occasionally to 
examine the tmderground connections to 
see that they be in proper condition, it 
is well to keep on file exact plans of the 
location of ground plates, ground wires 
and pipes with a brief description so that 
the data can be readily referred to; 


Pig. 4,434.*— Steel cap for driving pipe. This prevents battering: the end. The shank A, ia 
made to fit closely the inside of the pipe to be driven and should extend into the pipe aboul 
6or8ins. The top end of the pipe fits into the groove B, of thecap, the groove being 
wider than the thickness of the wall of the s»pe and about 14 in. deep. A i^tmany fdpm 
may be driven before the cap will need to be renewed. A pipe may be driven with dtbir 
•quire or fiattened end to penetrate the toil, and there is not generally cufficient idvaataga 
with the fiattened end to warrant the labor expended in the flattening operation. So called 
gmmd points may be purchased from electric power equipment dmdm the points em 
hard en ed end have a Shank that fits inside the pipe. Th^ eimplifjr driving aomewhstt 
hut not gensrallr in nifBcicnt degree to wanmit their cost. 
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6. From time to time the resistance of these ground connections should 
be measured to determine their condition. The resistance of a single pipe 
ground in good condition has an average value of about 15 ohms. A simple 
and satisfactory method of keeping an account of the state of the 
earth conditions is to divide the grounding pipes into two groups, and 
connect each group to the 110 volt lighting circuit with an ammeter in series. 


Horn Gap Arresters. A hom gap arrester consists essentially 
of two horn shaped terminals forming an air gap of variable 
length; one horn being connected to the line to be protected and the 
other to the ground usually through series resistance as shown in 



Fic. 4,437. — Horn gap arreater, diagram showing arrester and connections between line and 
ground. The horn type arrester was invented by Oelachlacger lor the AHgemeine Elec- 
tricitaets Gesellschaft, and like the Thomson arc circuit arrester, it§ operation is baaed 
on the fact that a short circuit once started at the base, the heat generated by the arc wtll cause 
it to travel upward until it becomes so attenuated that it ts ruptured. On circuits of high voltage 
this rupture sometimes takes a second or two, but seems to act with little disturbance of 
the line. Sometimes a water resistance is used, a choke coil betng inserted in the circuit 
in senes. In one installation for a 40,000 volt line, the horns were made of No. 0,000 
copper wire with gap knees to 3 or inches. The capacity of the water resistance 
feceptacle was 15 gallons. Users differ as to wl.ether the water should contain salt. Tfv 
choke coil can be made of about 18 turns of iron wire wound on a 6 inch cylinder. 


In operation, the arc due to the line current which follows a 
discharge, rises between the diverging horn and becoming 
more and more attenuated is finally extinguished. Hom 
arresters should be used to protect the series rectifiers and mov* 
ing coil transformers used in series lighting. They should also 
be used at the jimction of cable and overhead series circuits. 

A typical hom gap arrester is shown in fig. 4,438. 
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Electrolytic Arresters. — ^Arresters of this class are sometimes 
called alximinum arresters because of the property of aluminum 
on which their action depends; that is, it depends on the phe- 
immenon that a nott-conducting film is formed on the surface of 
aluminum when immersed in certain electrolytes. 

If however, the film be exposed to a higher pressure, it may be 
punctured by many minute holes; thus so reducing its resistance 
that a large current may pass. When the pressure is again re- 
duced the holes become resealed and the film again effective. 



Fig. 4,438. — General Electric horn gap arrester for outdoor service, it of a horn 

gap* with the resistance units endo^ in porcelain tubes. These arsesters are designed 
to be mounted on the top ol the poles and above the wires to keep the arcs on the hom 
gaps from reaching the line wires. Thesr are built in single pole units only. 


In construction, the aluminum arrester consists essentially of a system 
of nested aluminum cone shaped trays, supported on porcelain and secured 
in frames of treated wood, arranged in a steel tank, as shown in fig. 4,439. 

The system of trays is connected between the line and ground, and be- 
tween line and line, a horn gap being inserted in the arrester circuit whidh 
prevents the arrester being subject^ to the line voltage except when in 
action. 

The electrolyte is poured into the cones and partly fills the space be- 
tween the adjacent ones. The stack of cones with the electrolyte between 
them is then immersed in a tank of oil. The electrolyte between adjacent 
cones forms an insulation. The oil improves this insulation and prevents 
the evaporation of the solution. 
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A cylinder of insulating material concentric with the cone stack is placed 
between the latter and the steel tank, the object being to improve the 
drculation of the oil and increase the insulation between the tank and the 
cone stack. The arrester, as just described consists of a number o( cells 
connected in series. 

Electrolytic arresters, although many are still in use, are now 
fast becoming obsolete being superseded by the oxide film 
station type. 


TO MORN 6AP 
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PiG. 4,439. — General Electric (aluminum) electrolytic arrester. This type it practietUy 


Vacuum Tube Arresters. — The design of arresters of this 
type is such as to give essentially a gap in a vacuum, the con* 
struction being shown in hg. 4,4^. Ilie gap is formed between 
ti^ inner wall of a drawn metal shell and a disc electrode 
mounted concentric with it 
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The electrode is supported on a brass rod, which serves as a support as 
well as connection and has ample current carrying capacity. The elec- 
trode system is insulated from the tube and is rigidly supported in position 
by abashing made of a special, accurately moulded, vitreous material which 
is unusually strong and able to withstand sudden changes of temperature. 
The bushii^ does not form the vacuum seal, however, that being made by a 
compound especially developed for the work. The open end of the tube 
is finidly clos^ by a porcelain bushing held in place by spinning. 

The tube is exhausted in a machine which solders a small hole in the end 
after the vacuum has been established. 

The possibility of solder entering the active part of the vacuum space is 
prevented by a diaphragm punching. Both the electrode and the Bning of 
the tube are made of brass. The arrester has a spark voltage of from 300 
to 500 volts, direct current. Arresters of this type are used on railway 
signal circuits. 



Fio. 4,440. — Sectional view of vacuum tube arrester lor railway signal circuits. This amster 
haa a spark pressure of from 350 to 500 volts d.c. anu an equivalent needle gap of about 
.005 inch. The arrester will not stand a continuous flow of current due to ezceasive heating, 
hence if there be a possibility of this due to high piemure crosses, fuses should be used. 


Effective protection against lightning requires the installa^ 
tion of arresters having a low spark voltage, that is, the qualit]^ 
of discharging at low rises in voltage, and a high discharge rate, 
or the ability to discharge quickly a large quantity of lightning. 

To meet the requirements of low spark voltage, in arresters for circuits 
of such low voltages, a small gap is necessary, but in order to avoid lAort 
drcuits, a large gap is advisable. These opposing requirements are met 
by using a relatively large gap in a vacuum, because such a gap is equiva- 
lent in spark voltage to a very much smaller one in air. To ^tain the 
same spark voltage in air a gap must be made so small that it beoomes 
leadily affected by dust, and its worth is thereby impaired. 
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In designing lightning arresters, great attention is usually 
paid to low spark voltage, but another fundamental principle, 
namely a high discharge rate is often neglected. 

1 o be effective an arrester must not onJy discharge at small rises in volt- 
age, but it must discharge quickly a large quantity of lightn^ in order 
that the apparatus may be immediately relieved of the lightning voltage. 

An arrester may have both a low spark voltage, and a high discharge 
rate and yet a third fundamental principle of low maintenance may not 
be met. Low maintenance does not permit the arresters to be fragile, either 
in handling or service. As the vacuum tube arresters are of strong con- 
struction throughout, rough treatment does not affect them. Low main^ 



I^G. 4,441. — General Electric 400 ampere. 25,000 volt inverted choke coil. 


tenance requires the life of the tube to be long so that replacements are a 
minimum . This means the arrester must be so constructed that the vacuum 
is always retained and the current carrying parts are not affected by severe 
lightning discharges. 

The vacuum tube arrester will not stand a continuous flow of current 
as excessive heating resulting will soften the sealing compoimd. If there be 
a possibility of the circuit crossing up with one of higher voltage, fuses 
^ould be put in series with the arrester. 

Choke Coils. — h. lightning discharge is of an osciUaUny 
character and possesses the property of self induction, accordingly 
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The type of choke coils must be influenced by the condition of insulatioa 

in the transfonners as well as by the cost, pressure regulation and tte 

nature of the lightning i»otection required. 

Ques. What is the primary object of a choke coil? 

Ans. To hold back the lightning distufbance from the 
apparatus during discharge so as to permit the lightning arrester 
to function properly. If there be no arrester, the choke coil 
cannot add any protection. Accordingly, a choke coil should 
only be considered as an auxiliary to an arrester. 

Ques. What is the principal electrical condition to be 
avoided with a choke coil? 

Ans. Resonance. For this reason choke coils should not be 
used in connection with cable circuits over M mile in length. 

Ques. If a choke coil be not used, what is the effect? 

Ans. The end tiuns of a transformer must stand the extra 
voltage until the lightning arrester can perform. The choke 
coils therefore, help to protect the end turn of the transformer 
ch: other electrical machinery being protected. 

TEST QUESTIONS 


1 . What is a lightning arrester? 

2. How does lightning affect electrical circuits? 

3. Are lightning arresters intended to take care of direct 

strokes? 

4. Upon what does the magnitude of the voltage induced 

on a line when a cloud discharges, depend? 

5. What is the nature of a lightning discharge? 
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6 . Give definitions of technical terms relating to lightning 

arresters. 

7. Give classification of lightning arresters. 

8 . What is the difference between an arc and a spark? 

9 . What is the difference between an arrester for a 

grounded Y and non-grounded neutral system? 

10 . Describe a valve type arrester. 

11 . What is the folbw type arrester? 

12 . Upon what does the protective ability of a lightning 

arrester depend? 

13 . What are air gap arresters? 

14 . Give the operating cycle of a lightning arrester. 

15 . What is a pellet arrester? 

16 . Describe die construction of a compression chamber 

arrester. 

17 . For what service are compression chamber arresters 

used? 

18 . Of what does an oxide film arrester consist? 

19 . Can oxide film lightning arresters be operated at a low 

voltage temporarily and later at a high voltage? 

20 . Describe the operations necessary in putting oxide 

film arresters in commission. 

21 . When is the pellet type of arrester used and when is 

the oxide film type used? 

22 . What are the essentials for giving satisfactory lights 

ning protection to electrical machinery? 

23 . Give the method of grounding for pole type lightning 

arresters protecting distribution transformers. 

24 . What means are available to determine which arrester 

gives the best protection? 
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25. Describe the requirements for grounded and un« 

grounded neutral circuits. 

26. How should grounded cormections be made? 

27. Describe the horn gap arrester. 

28. What is the construction of an electrolytic arrester? 

29. What are vacuum tube arresters? 

30. What is a choke coil used for? 

31 . What is the principal electrical condition to be avoided 

with a choke coil? 

32. If a choke coil be not used, what is the effect? 
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CHAPTER 82 

A. C. Ammeters and 
Volt Meters 

Alternating current anuneters or volt meters indicate the 
rirtual values of the current or pressure respectively, that is to 
say, they indicate, the square root of the mean square of a eariaNe 
quantity. 

The virtual value of an alternating current or pressure is 
equivalent to that of a direct current or pressure which would pro- 
duce the same effect. 


MAXIMUM VALUE 



Fig, 4,443.— tSIoe curvi; of aftamting current, illustrating various current or presnirs vahiaB. 
The virtual value, or .707 Xmazimiun value, is the value indicated by an smmsiar Or volt 
meter. Thde, if the maximum value of the current be 100 volts, the virtual valus as Indl* 
cated by an ammeter is lOOX-707 ••70.7 amperes. 
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For instance an alternating current of 10 virtual amperes will i>roduce 
the same heating effect as 10 amperes direct current. 

The relation of the virtual value of an alternating current to 
the other values is shown in fig. 4,443. When the current fol- 
lows the sine law, the square root of the meanaquiare, value of 
the sine functit^ is obtained by multiplying their maximum 
value by 1 + V2, or .707. 

The word effective is commonly used erroneously for virtiul, 
even among the best writers and the practice cannot be too 
stroiigly condemned*.! The difference between the two is 
illustrated on page 1,^, fig. 1,957, the mechanical analogy 
here given may make the distinction more marked. 

In the operation of a steam engine, there are two pressures acting on 
the piston: 

1. The forward pressure; 

2. The back pressure. 

The forward pressure on one side of the piston is that due to the live 
steam from the boiler, and the back pressure, on the other side, that 
which exists during the pre-release, release and pre-admission periods. 

In order that the engine may run and do external work, it is evident 
that the average forward pressure must be greater than the average back 
pressure, and it follows that the pressure available to run the engine is the 


*NOTE. — I adhere to the term virtual, aa it was in use before the term efficace which waa 
recommended in 1889 by the Paris Congress to denote the square root of mean square value. 
The corresponding English adjective is qffkaciout. but some engineers mistranslate it with 
the word effective. I adhere to the term virtual mainly because eflfective ia required in itt 
usual meaning in kinematics to represent the resolved part of a force which acta obliquely to 
the line of motion, the effective force being the whole force multiplied by the coaine of tte 
angle at which is acts with respect to the direction of motion. — P. Thompson 

fNOTE. — ^The author adheres to the term virtual because in mechanics the adjective irf« 
feeiiee is used to denote the difference of two opposing forces; for instance, at any instant 
in theopontkm of a steam engine, effective pressure ••average forward pressure —aveTate haeP 
preesuret hence, to be oonsistent in nomenclature, the term effective cannot be used lor the 
forward or virtual pressure, that is. the pressure impcessed on an electric circuit. 
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difference between these two pressures, this pressure difference being hunm 
as the effective preeeure, that is to say 

effective pressure aver age forward pressure --average hack pressure 

Thus, electrically speaking, the dfective voltage is that voltage which 
is available for driving electricity around the circuit, that is, 

^ective voUs*^ virtual volts —back volts 

^virtual pressure — {virtual pressure— drop) 

In the case of the steam engine, the forward pressure absdute, that 
is, measured from a perfect vacuum is the virtual pressure (not oosiskler- 



card fig. 4,444, repmenta the performance of a steam engine taking steam at 60 lbs. (gauge) 
pressure and exhausting into the atmosphere. The exhausc line being above the atnUos- 
pberic line shows that the friction encountered by the steam in flowing through the exhaust 
pipe pz^uces a back pressure of two lbs. Hence at the instant represented by the ordinate 
y, the effective pressure is 60 —2 »> 58 lbs., or using ubsofufe pressures, 74.7 —16.7 -SB 
lbs., the virtual preaaure being 60 lbs. gauge, or 74.7 ibs. absolute. Now, the back pres* 
eure may be considerably reduced by exhausting into a condenser as represented by the 
card, fig. 4.44b. Here, most of the pressure of the atmosphere is removed from the ex* 
haust, and at the instant y, the back pressure is only 6 lbs. , and the effective pressure 74.7 — 
6*68.7 lbs. Thus, in the two cases for the tame virtual preaaure of 60 lbs. gauge or 
74.7 lbs. absolute, the effective preaaurea are 58 lbs. and 68.7 lbs. respectively. 


ing the source). The back pressure may vary widely for different con- 
ditions of operation as illustrated in figs. 4.444 and 4,445. 


In the measurement of alternating current, it is not the aver- 
age, OT Tnavimum value of the current wave that defines the 
current commercially, but the square root of the mean square 
value, because this gives the equivalent heating effect refened 
to direct current. There are several types of instrument for 
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measuring alternating current, and they may be classified as 

1. Electro-magnetic (moving iron); 3. Induction; 

2. Hot wire; 4. Dynamometer. 

• 

Electro-magnetic or Moving Iron Instruments. — This type 
of instrument depends for its action upon the pull of flux in 
endeavoring to reduce the reluctance of its path. This pull 
is proportional to the product of the flux and the current, and 



Fig. ’i,446. — calibrated scale. This means that printed scales are not employed, but each 
instrument has its scale divisions plotted by actual comparison with standards, after which 
the division lines are inked in by a draughtsman. There are makes of direct current in- 
atruments employing printed scales in which the scale deOeciions are fairly accurate, ev^ 
though the scales are printed, but printed scales should not be used on alternating current 
instruments. 

so long as no part of the magnetic circuit becomes saturated, 
the flux is proportional to the current, hence the pull is pro- 
portional to the square of the current to be measured. 

NQl ^. — Ona of the earliett ditflcultiee in connection with the introduction of the alter- 
nating current system was the lack of suitable measuring instruments. The early attempts 
to develop ax. instruments resulted in very crude instruments which did not compare favor- 
ably with the dx. inttniments of that period. Some of the old instruments may be renieia% 
bered by pioneers of the industry. 
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An objection to the moving iron type instruments is that 
they are not independent of the frequency, wave form, or tem- 
perature and external magnetic fields may affect the readings 
temporarily. 

There are several forms of moving iron ammeters, ahidt may 
be classified as: 



Fto. 4,447.--Geiieral Electric bcrisootal edgewise type a mm e t e r . 

1. Plunger ; 

2. Inclined coil; 

3. Magnetic vzine. 

Plunger Type. — ^This form of electro-magnetic or moving 
irtm instrument consists of a series coil and a soft iron plunger 
forming a solenoid, the pltmger is so suspended that the mag- 
netic pull due to the current flowing through the coil is balanced 
by gravity, as shown in fig. 4,448. 
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In order to adapt 
the instrument to 
aitemating current 
the plun^r should 
be laminated to 
avoid eddy cur- 
rents. 

The scale is not 
uniform and ^ould 
be hand made and 
calibrated under 
the conditions for 
which it is to be 
used. 

An objection to 
the plunger type 
ammeter is that 
they are large atvl 
expensive because 
the coil carries ail 
the current. In in- 
stalling a lounger 

LIML LINE 

Fro. 4,448. — ^Plunger form of electro-magiietic or moving iron type of ammeter. 



ammeter, the instrument should be carefully leveled, because gravity is 
the controlling force. 

Aiciined Coil Type. — ^This form of electro-magnetic or moving 
iron instrument consists of a coil mounted at an angle to a 
{iiaft carrying a vane and pointer, as shown in 4,449. A 

NOTE . — The earljf volt meter had a lever, on one end of which was a weight, adjustjidile 
by the number of shot in a brass cylinder, and on the other end, was an iron wire plunger 
which extended into a solenoid. Incandescent lamps were used as resistance in seiiw with 
the aolenoid. When the applied voltage was at a normal value, the pull of the solenoid was 
fuat aufficient to cause the pointer attached to the lever to point vertically. There were no 
graduations on the scale. This volt meter was soon supc aeded by one in which Gennan 
ailver resistance replaced the tamps. The needle of the early ammeter traversed a ctrcutar 
dial under the action of a plunger in the solenoid which carried the main current. In the 
latter form, the mechanism was similar, and the deflectioa was indicated on a scale near the 
bottom of the instrument. 
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spring forms the controlling force 
and holds the pointer at zero 
when no current is flowing. 


PIVOT 



COIL 


^*-PIV0T 


PlO. 4,449*— ‘Inclined coil fonn of etectro-magnetic or moving iron instrument. 



Fig. 4,450. — ^Kelvin solenoid principk 
This utilises the attracting or ‘'stick- 
ing" eflfect of an energised solenoid to 
pull an iron core, attached to a Mut- 
ably pivoted pointer, and produce di- 
rect deflection over a calibrated 
scale, in eonatruetian S, is the 
winding of the main solenoid, wound 
around the iron plunger P. which 
moves in a glass tube containing oil 
to damp the motion. The bearingi 
B, are rigidly attaclied to the base 
casting. The pointer I, is attached to 
a steel knife edge, which rests in the 
V shaped highly polished bearings B. 
Also attached to the pointer and kfulie 
edge is the circle segment G, with a 
groove in its circumference, in whidi 
runs the fine silk thread T, connect- 
ing the plunger to the movement, in 
operation, as soon as current flows 
through the solenoid S, it exerts a 
downward pulling effect on the 
idunger, which, in turn, pulls on the 
segment G, and produces a move- 
ment of the pointer. The knife edge 
bearings simply rock as the pointer 
moves. thi» producing an inexpen- 
sive frictionl^ bearix^ without re- 
sorting to the use of pivots and jew- 
els. The counterweights C and C', 
oiqwse this motion; therefore by suit- 
ably marking the scale, the defleeticMi 
becomes a measure of the current. 


DJ 
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In operaticn, when a current is passed through the coil, the iron tends 
to ^e up a lotion with its longest sides parallel to the lines of force, 
which results in the shaft being rotated and the pointer moved on the 
dial, the amount of movement depending upon the strength of the current 
in the coil. 

Magnetic Vane Type, — This form of electro-magnetic or 
moving iron instrument consists of a small piece of soft iron or 
vane mounted on a shaft that is pivoted a little off the center of 


PIVOT 



-PIVOT 

Fxg. 4.451. — ^Magnetic vane form of electro-magnetic or moving iron instrument. 


a coil as shown in fig. 4,451 , and carrying a pointer which moves 
over a scale. 

In operation, a piece of soft iron pUued in a magnetic field 
and free to move, will move into such position as to conduct the 
maximum number of lines of force. 

The current to be measured is passed around the coil, produdng a mag- 
netic field through the center of the coil. The magnetic field inside die 
coil is strongest near the inner edge, hence, the vane will move against 
the restraining force of a spring so that the distance between it ai^ the 
inner edge of the coil will be as small as possible. 




Ftcs. 4,4S2 to4.457. — Principle of moving iron npultion instrumenls. If direct current be sent 
through the two imall pieces of iron suspended vertically within a solenoid by thread as in 
fig.4,4S2,they will become magnetiaeda^ since they are in the same magnetic held both wSl 
be affected the same, and will repel each other asm hg. 4,453 . If the current be sent through 
the solenoid in the opposite direction the result Wilt be the same. Next if the coil be 
on its side and the two pieces of iron be placed within it horiaontally aa in fig. 4.455, one 
ffamd and tne other free to move and a current be passed through the aolenoida the two 
pieoes of iron will repel each other. If an a. c. be used instead of d. c. and it reverse with 
sufficient freque^, the polarity of the two pieces of iron will reverse in step wich the cur- 
rent and they will repel each other ae before. Hence on employing this principle in instru- 
ment construction two curved pieces of iron are used, one fix^ and the other pivoted so 
that it will rotate when electrically repelled from the fixed iron as in fig, 4»457. A poidter 
attached to the movable iron moves over a graduated scale. 
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Fm. 4,458.— »JeweU movinc element of repulgioo iron vane type inetnnnent. it eoiwfifa W 
an aluminum shaft to which is attached the iron vane, the balance cross, the pointer and the 
spring dip. The 7 in. instrument moving element can be seen to consist of an aluminum 
shaft with a shoulder swaged on its upper end, on which rests the fan suppcsrt, the balance 
CRMi and spring clip, the pointer being attached to the forward end of the balance triHi. 
The iron vane with its support is rivet^ to the shaft with a tiny rivet, which malme it a 
permanent aasemhly. 



Fill' 4,489.— rcpulakm iron vane type instnnneot. The principle oT operaHan la 
taiMlakm b et ween tm trea eaaes »kkk ere mtiMtMmd ky f he msrfmmUng eefu 
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The expansion or contraction of the wire is caused by tem* 
perature changes, which in turn are due to the heatii^ effect 
of the current flowing through the mre. 

Since the variations in the length of the wire are extrmely 
small, considerable magnification is necessary. Ihilleys or 
levers are sometimes used to multiply the motion, and some- 
times the arrangement shown in fig. 4,461. 



PlO. 4,460. — Solenoid and plunger illurntrating thm operation of moving iron instruments* 
When a current flows through the coil, a field is set up as indicated by the dotted lines of 
force. The ctirrent flowing in the directi<m indicated by the arrow induces a north pole 
at N, which in turn induceir a south pole in the plunger at S, thus attracting the plunger. 
The etfect of the Md upon the plunger may also be stated by saying that it tends te 
ceuss the f^iunger to move in a direction so as to conduct the maximum number of lines of foret, 
that is, toward the solenoid. Thus if ABCD, be the initial position of the plungar only five 
lines of force pass through it; should it move to the position A'B'C'D^ the number of tines 
passing through it will then be 9, assuming the field to remain unchanged. 

As here sliown A, is the active wire carrying the current to be measured 
and stretched between the terminals T and T^ It is pulled taut at its 
middle point by another wire C, which carries no current, and is in its 
turn, kept tight by a thread passing round the pulley D, attached to the 
pointer spindle, the whole system being kept in tension by the spring £. 

Hot wire instruments are equally accurate with alternating or direct 
current, but have cramped scales (since the deflection is proportional to 
the square of the current), and are liable to creep owing to unequal 
expan^n of the parts. There is also the danger that they may be burnt 



2,570 A, C. Ammeters and Volt Meters 


out with even comparatively small overloads. They are not affected by 
magnetic fields but consume more current than the other types, these 
readings are inaccurate near either end of the scale. 



Fig. 4,461. — ^Diacrim iUiiitratinfif the prindple of hot wire instrumentB. The enentlai pBite 
are the active wire A, atretched between terminals T and T', tension wire C, apring E, and 
milteyD. to which is attached the pointer. 

SCALe 
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ladactioii InstrameBts.— These 'were invented by Fetraris, 
and are sometiiDes called after him. They are for ^temating 
current only, and there ate two forms: 


1. Shielded pole type; 

2. Rotary field type. 

Shielded Pole Type.— This fonn 
of induction instrument, as shown 
in figs. 4,462, and 4,463 con- 
sists, essentially, of a disc 



Pic. 4;464.«— Diagram of Hotkins moditied iadoction type imtrunient in which the toniiie la 
produced from the direct repulsion between a primary and a secondary, or induced current. 
Am shown, the instrument embodies the pinnct^e of a short circuited transformer, oomdstiag 
of a primary or exciting cchI A. a aeccmdary or closed coil B. linked in inductive relation to the 
primary by a laminated iron core C, constructed to give a onnpletely dosed magnetic circait, 
that is, without air gap. The secondary is so mounted with respect to the primary as to have 
a movement under the influence of their mutual repulsion when the primary is traveraed by an 
alternating cuirent, This movement of the secondary B, is oppOMd by a spiral spring, so 
that the extent of movement will be dependent upon and will indicate the strength of the 
primary cuirent. To increase the sensitiveness of the instrument and also to adjust the con- 
tour of the scale, an adjustable secondary D, which has an attraction effect upon the coilB, ia 
provided upon the core. The effect of this coil is inversely proportional to its distance fim 
theandof the swing of the coil B. The vane, E. whichis a part of the stamping B, is adjusted 
to swing freely and with a large amount of clearance, between the poles of a permanent mag- 
net F, which acts as a damper on the oscillation of the moving element, but does not cause 
any friction or affect the accuracy of the calibratiou . The primary , like that of a tfatudonner, 
ii an independent electrical circuit and mav be highly insulated. 
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A, or s(»netimes a drum and a laminated magnet B. Cov^ing 
some two-thirds of the pole faces are two copper plates or 
^elds C, and a permanent magnet D. 

In operation eddy currents are induced in the two copper plates or 
shields C, which attract those in the disc, producing in consequence a 
torque in the direction shown by the arrow, against th*: opposing actkm 
of a spring. Magnet D, damps the oscillations. 



Fto. 4,465.'^Jewell master cunent tranafomier. It bar been designed to fill the requimnenta 
Off current measurement up to 100 amperes in connection with a 5 ampere instrument. It 
is rated at 10 volt ami^rea and this ratii^ permits the use of a watt meter and ammeter 
of masimum accuracy in aeries. 

Botory Field Type. — The parts of this form of induction in- 
strument are arranged similar to those of watt meters, Uie 
necessary split phase being produced by dividing the cunent 
into two circuits, one inductive and the other non-inductive, 
or a definite pn^xirtion of that ciirrent. 
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Cnrrmt and Potential Transformera. — Where switchboard 
instruments are to be used on currents hi^er than the listed 
internal or self-contained values, or in any case where the volt- 
age is over 750 volts, it is universal practice to use transfonners. 

Current transformers are suppli^ to reduce the line cuimit 
1^ a definite ratio so that a 5 ampere instrument may be used. 
Ihey also serve to insulate the instrument fitom the voltage 
of tite line, and ^ould always be selected so that th^ voltage 
rating covers the voltage on whidi they are to be u^. 

Potential transfcHrmers are used to reduce the line voltage 
by a definite ratio so that the instruments having a nominal 
voltage range of 150 volts may be used. 



Pig. 4,46lj^-^Jvlrdl potential tnuttfonner. Rated at 25 volt ampcfoa, and wiU aagqpljr take 
care of the load of teverml inatnimenta. The relative polarity of t^ terminals is clearly 
marlB^ so that watt meters and power factor meters can be oonnected up, knowing that 
they wiU indicate correctly. ' 

In selecting current transformers the endeavor should be to make the 
primary rating equal as nearly as possible the full load current to be ineas* 
ured. It is not good practice to use an instrument transformer with a 
range considerably higher than normal load, because the secondary cur- 
rent is thfm low and in the case of power factoi meters and watt meters 
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the torque will be low and the ratio of transfonnation does not hold so 
well as at low values. 

Example . — 100 h,p. 3 phase, 220 volt motor will draw about 250 
amperes at full load. A 250 ampere transformer would be quite satis- 
factory for this application and would take care of occasional overloads 
with perfect satisfaction. 

Current transformers are universally designed for a secondary current 
of 5 amperes for the nominal primary current rating. Special trans- 
formers should be avoided wherever possible because they are expensive 
to design and build. 



Vku. 4,4S7. — Jewell two wire current tranefarmer. Rated capacities from 5 to 400 ampeiea 
Induatve, for a nominal aecondaty reading of 5 amperea and is rated at 15 volt ampena. 
Thia type will function aatiafactorily at any frequency from 25 to 133 cycles and la insulated 
for 3.300 volu. 


Where overloads are expected and it is desired to read them on the in- 
strument, it is entirely in order to use a 6 or 7 ampere instrument to tead 
that overload. For example, in the case cited above, instead of oJi- 
brating the instrument to 5 amperes with a 250 ampere scale, it could be 
calibrated to 6 amperes with a 300 ampere scale. This is regular practioe 
on many ai^cations. Watt meters may also be calibrated on a basis m 
this sort, using a higher current for the nominal reading, thus making 
the watt range of the scale sufficiently high to cover occas^^ oveileiads» 
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Current transformers have a nominal ratio as given in manufacturers* 
listing. Ratio and phase angle curves are not regularly furnished, but are 
available when desired in the form of typical curves. Transformers run 
80 nearly uniform that curves on specific units are rarely necessary and the 
typical curves will usually cover all requirements. 

Potential transformers are rated for a nominal secondary voltage of 110 
volts. That is, a 220 volt transformer has a secondary voltage of 110 
volts, and has a ratio of 2:1 . Where the primary voltage is rated in terms 
of 115 volts, then the secondary is also 115 volts, so that an even ratio 
is always supplied. 

Often 2300/110 volt transformers are selected, which is in error; what 
is actually supplied by the manuhicturer is a 2300/115 volt transformer, 
which is identical with a 200/100 volt transformer. 

TEST QUESTIONS 

1 . What kind of values of the current or pressure do 

a.c. ammeters and volt meters indicate? 

2. What is the virtual value of an a.c. current or pres- 

sure? 

3. Describe a sine curve arui indicate the various cur- 

rents or pressure values. 

4. Name several types of a.c. ammeters and volt 

meters. 

5. Describe the electro-magnetic or moving iron instru- 

ments. 

6 . Name two forms of moving iron ammeters. 

7. Describe the plunger type. 

8 . How does the inclined type work? 

9 . Of what does a magnetic vane type consist? 

10 . How does a magnetic vane instrument work? 

11 . Describe the construction and operation of hot wire 

instruments. 




2,576 A. C. Ammeters and Volt Meters 


12. Who invented the induction type instruments? 

13. Ncune two types of induction instruments. 

14. Of what does the shielded pole type induction instru- 

ment consist? 

15. Describe Hoskins' modified induction instrwnerU. 

16. How does the rotary field type of induction instru- 

ment work? 

17. What are current and potential transformers used 

for? 

18. How should current transformers be selected? 

19. Hcrw are potential transformers rated? 
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CHAPTER 83 

Dynamometers 

A d3mam(»n6ter is used to measure volts, amperes, or watts, 
its operation depends on the reaction between two Coils when 
the current to be measured is passed through them. One of the 
coils is fixed and the other movable. 

The fixed cml is composed of a number of turns of wire, 
and fastened to a vertical support and is surrounded by a 
movable coil composed of a few turns or often of only one turn 
of wire. 

The movable coil is suspended by a thread and a spiral spring attached 
to a tortion head which passes through the center of a dial. The ends 
of the movable coil dip into mercury cups, which act as pivots and elec- 
trical contacts, making connection with one end of the fixed coil and one 
terminal of the instrument as shown. 

The tortion head can be turned so as to place the planes of the 0(^ 
at right angles to each other and to apply tortion to the spring to oppose 
the defection of the movable coil for this position when a current is passed 
through the coils. 

A pointer attached to the movable coil indicates its position on the 
graduated dial between the two stops. Another pointer attached to the 
tortion head performs a similar function. 


In the operation of a dynamometer when current is passed 
through both coils, the movable coil is deflected against one of 
Ike stop pins, then the tortion head is turned to oppose the movement 
until the deflection has been overcome and the coil brought back 
to its original position. 
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The angle through which the tortion head was turned, being propor- 
tional to the square root of the angle of tortion, the current strength in 
amperes is equal to the square root of the angle of tortion muUiplM hy 
a calculated constant, furnished by the maker of the instrument. 


When measuring watts, a dynamometer should be so ar^ 
ranged that one coil carries the main current, and the other a 
small current which is proportional to the pressure. 



Ptc. 4.468, — ^Diagram of Skmeiis' dynamometer. It conaiata of two cotie on a common axis 
but set in planes at right angles to each other in such a way that a torque is produced be* 
tween the two coils which measures the product of their currents. This torque is meastxred 
by twisting a spiral spring through a measured angle of such degree that the coils shall 
resume their onginal relative positions. When constructed as a volt mater, both coils are 
wound with a large number of turns of fine wire, making the instrument sensitive to small 
currents. Then by cor4necting a high resistance in senes with the instrument, it can be 
oosmected across the terminals of a circuit whose voltage is to be measured. Whan etm- 
atrueted as a watt meter, one coil is wound so as to carry the main current and the other 
made with many turns of fuie wire of high resistance suitable for connecting acroee the 
Icircuit. 

Pig. 4.469.-*-Leed8 and Northrup eleetro-dgnamometer. It is a reliebla instnmumt for $k$/ 
maesurameni of eliernating currents of amnmcial frequencies. 
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No iron or other magnetic material should be used in the construction 
of a dynamometer because of the hysteresis losses occasioned thereby. The 
frame should be of non‘^x>nducting material so as to avoid eddy currents. 

For the precision measurement of alternating current and voltage, and 
for the measurement of watts and other relations between two quantities 
the dynamometer type of movement is necessary. 

The essentia] parts of a dynamometer movement are the fixed coils 
and their supports, the moving element and the damping means which 



Slo. 4,470. — Dynamometer type ammeter. If the stationary and movable coils be eonnecied 
in aarlaa end shunted, the instrument is an ammeter; if the two coils be in eeriee and aba 
in series with a high resistance multiplier, the instrument is a vo^t meter; and if the low re* 
liatanoe stationary coil be in the line in eeriee and the movable coil be in eeriee with a high 
resistance and then placed across the Une, the instrumeht is a direct reading watt meter. The 
torque in any instrument: T (motor action formula) . If the two coils be in series, 
then the ^ set up by the stationary coil is proportional to I, and the torque therefore it pro* 
portional to I*. Therelore for ammeters and volt meters this instrument has a **aquiired 
scale." Such an instrument may be used on alternating current, because if the current 
dumge to negative, then ^ is negative and I, is negative and the direction of the torque 
from the left hand rule for motor action, remains the same. The instrument may be made 
approaimately dead beat by aluminum vanes which move in air compartments. As the 
needle moves, the vanee move in the compartment and the air moving from one aide to 
the other of the vane slows down the motion so that the needle does not attempt to folknr 
all the minute fluctuations of the current. In the diagram the stationary coil carries all 
the cunent and aeta up the flux 4. The movable coil is shunted by the ehunt as shewa. 
The torque eet up between the coils tends to twist the movable coil and needle to the right 
Cdockarise looking down on the coil) and this motion is oppoa e d by the two epriagi. 
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in genend is similar to the fan used in the iron vane movement except that 
the is double and operates in a doable air chamber. 



Fms. 4»471. — Hickok dynamometer movement for ammeten, volt metere and watt i 
It coDtaiiie but two coils, a Axed field coil and a moving coil surrounding the field ooii in 
■uefa a manner that the resultant torque between the two coils is uniform throughout a 90* 
movement of the movii^ coil, which gives a uniform scale in the watt meters and a uni- 
formly increasing scale in the volt meters and ammeters. The frame work of the move- 
ment is cast in one piece from an insulating material and contains a semi-tircuiar Chunber 
in which moves an aluminum dampening vane which is attached to the moving coil 
the instrument very “dead beat." 


In the use of the electro-dynamometer principle 'for a basis 
of design for alternating current instruments, recourse was had 
to the simplest and most direct known manifestation of the 
presence of electrical currents by which these currents may be 
measured. In other words, the moving coil dynanunneto: 
principle of operation is the most direct method for measuring 
currents and their relations to one another aiid, at the same 
time, results in the best answer to the problem of produdiig 
instruments which would be of most general applicability and 
of ideal construction. 
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This principle of (^)erati(m is used with only a slight modifica- 
tion for the production of volt meters, ammeters, single and 
poljrphase watt meters, power factor meters and frequ^icy 
meters. 

This is an ideal condition from both the manufacturing and 



m. 4,473.— JawridTaHHMlw with Ipft hU< o< nm—tir iMiM wwwid. 

ap{dication points of view when practically one mechnniam or 
movement can be developed and used for such a wide variety of 
purix)ses, and fof all kin^ of applications, throughout the vari- 
ous activities of industry, requiring measurements of electrical 
quantities. 


KOTB.— in inBtrummntm used for watt meters the statioiiary ooUs mtt 

wound for current, and the movable coils for vt^taae. The current is conducted to the moving 
ooil through controlUng springs. The pointer is assembled a few degrees ahead of the mor- 
ing coil, to as to give as unform scale divisionB as is possible. The riight of the 

eaOe near the center ie an advantage, ee it gives better indicationa at the more important 
working loade. 


2,582 


Dynamometers 


TEST QUESTIONS 

1. What is a dynamometer? 

2. Describe the fixed and movable coils. 

3. How is a movable coil suspended? 

4. What happens when current is passed through both 

coils? 

5. How is the current strength measured by a dyna- 

mometer? 

6. How should the instrument be arranged when 

measuring watts? 

7. For what kirvd of measurement is the dynamometer 

movement especially adapted? 

8. Describe Siemens' dynamometer. 

9. Should magnetic material be used in the construction 

of a dynamometer? 
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CHAPTER 84 

A. C. Watt Hour Meters 

By definition, a watt hour meter is a watt mtter that witt 
register the watt hours expended during a period of time. 

Watt hour meters are often erroneously called recording or 
integrating watt meters. 

A watt hour meter consists essentially of; 1, a motor, the 
speed of the rotating element o/ which is proportional to the 
power to be measured, and 2, a registering mecluuiism connecU. 
thereto by suitable gearing. 

There are several types of ax. watt hour meter, which noa 
be classified as 

1. Induction type; 

2. Faraday disc type. 

Qnes. What are the essential parts of a watt hoar meterf 

Ans. A motor, generator, and counting mechanism. 

Qnes. What io the function of the motor? 


NOTE . — Mater iruuseuracy always nutans loss to ths csntral stMion. If a meter run dow, 
it causes a dixect loss of income, if it run fast, it will make a dissatisfied customer and result 
in kns of bis good will and confidence, and in both cases it will cost money to readjust the 
malsr to aoeuracy and maintain it. It might be well to point out that the general t e ndency 
of meters is to run dow rather thnn fast, which is at variance with the opinion of the general 
pufalic. 
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Ans. ^ce the motor runs at a speed proportional to the 
energy passing through the circuit, it ^ves the counting medi- 
anism at the proper speed to indicate the amount of en^gy 
consumed. 

Qaea. What is the object of the generator? 

Ans. It furnishes a suitable counter torque or load for the 
motor. 

Ones. Is there any other resistance to be overcome by the 
motor? 

Ans. It must overcome the friction of all the moving parts. 

Ones. Is the friction constant? 

Ans. No. 

Ques. What provision is made to correct the error dne to 
friction? 

Ans. The meter is compensated by exciting an adjustable 
auxiliary field from the shunt or pressure circuit. 

Ques. What is the construction of the generator? 

Ans. In nearly all meters it consists of a copper or aluminum 
disc carried on the same shaft with the motor and rotated in 
a magnetic field of constant value. 

Ques. How is the counter torque produced? 

Ans. When the disc is rotated in the magnetic field, eddy 
currents are induced in the disc in a direction to oi^poae the 
moti<m which produces them. 
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Qnea. What meter is chiefly used on o.c. circuits? 
Ans. The induction meter. 


How a Single Phase Induction Watt Hour Meter Works. — 

As is well known, the induction meter is simply a highly special- 
ized type of split phase induction motor driving an eddy cur- 



f IQS. 4,473 to 4,475. — Disasaembled view of electn>>niagnetic stnictune of Sangamo single phase 
inducUcA watt hour meter. 

rent generator, the parts being so proportioned and disposed 
as to produce rotation at a speed in direct ratio to the power 
passing in the circuit; that is, each revolution corresponds to 
a definite quantity of electric energy which is totaled on a 
revolution counter, calibrated to read directly in energy units. 

Various makes of induction watt hour meters differ some- 
what as to arrangement and construction of the working parts, 
but the principles involved are luactically the same in all. 
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The eddy current generated has a permanent magnet field 
and the motor an electro-magnetic field. 

There are three principal torques: 

1. The propelling torque of the motor element; 

2. The retarding torque of the generator; 

3. The retarding torque due to friction. 



Flc. 4,476. — Assembled view of electro-megnetic structure of Sangaxno single phase watt hour 
meter. 

The torque of the motor element is always proportional to 
the true waits delivered to the load. 

The retarding torque of the generator varies directly with the 
speed of the disc. 

The retarding torque of friction is the same for all speeds 
(this will be understood readily by comparison with the well 
known Prony brake). 

The propelling torque for any speed is of course equal and opposite to 

the sum of the two retarding torques. 
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The motor element has two windings. 

One of them, known as the current coil, is connected in series with the 
load, and the other known as the voltage coil, is connected across the line 
and since it has a high impedance, carries a current proportional to the 
voltage of the circuit. 



JPiQ. 4,477. — Ssncuno tingle phate inductive watt hour meter grM. The mam prid carnet the 
moving tyttem, the pennanent magnets, the register and the adjustments. It is of cast 
iron, in one piece, and accurately machined so as to provide definite and permanent location 
ktr ^1 the various parts that are attached thereto, and these in turn are located in definite 
portion to the motor magnet system by the mounting of the grid upon three posts cast in 
the base. The base of the grid is solid , and taken together with the base of the meter proper, 
forms a practically conunuous magnetic shield around the motor magnets, thus protectii^ 
the permanent magnets from any demagnetising field that may be set up by short circuit 
currents through the series coils. The full load and light load adjustments are located at 
the bottom of the grid and are accessible from the front. In ma—mbling, the permanent 
magnets go in first and are clamped down solid on the two brass posts provided in the grid 
near the tip of the shupt magnet; then the moving system with its bearings and finally the 
register are inserted. 

The split phase effect is secured by winding the current coil 
with very few turns, so that it is virtually non-inductive, and 
by winding the voltage coil with a large number of turns and 
supplying it with a magnetic circuit of low reluctance, thus 
creating a circuit of high reactance. 
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As a result the current in the voltage coil is made to lag almost 90* 
tehind the impressed voltage. 

The voltage coil with its core is referred to commonly as the ‘Voltage 
electro-magnet” and the current coil with its core as the “current electro- 
magnet.” , 

In order to make the flux from the voltage electro-magnet lag exactly 
90* behind the flux from the current electro-magnet when the power 
factor of the load is 1.0, an inductive load adjustment plate is used, as 
will be explained later on. Reference to flg. 4,481 will show that these^ 
two fluxes are constantly changing in direction and magnitude, but that 
at all times the flux from the voltage electro-magnet lags exactly 90* 



Fio. 4,478. — Ixistnim^nt shaft illustrating end play and side play. In the exaggerated view 
A., is the shaft with glasshard, pointed ends and sapphire jewels B and B. The total dis- 
tance C+D, that the shaft can move from end to end is called the end play and the dis- 
tance E, that the pivot can move from one side of the jewels to the other is called the sida 
play. End play and side play are usually <mly a few thousandths of an inch and upon the 
correctness of this detail depends much of the success of the instrument. An important 
rule of instrument repairing is: never screw the jewel screws in until they clamp or pinch the 
mavint element; even once may ruin the pivots. Correctly designed jewels and pivots, 
usually, require adjustment of only **side play*' which is done as follows: Lay the instrument 
on its twek and grasping the pointer gently but firmly with either tweezers or thumb and 
finger, wiggle it gently back and forth, meanwhile tightening the jewel screw with a screw 
driver a fraction of a turn at a time until it wiggles only a few thousandths of an inch (about 
the width of a paper) and then holding the driver firmly, but not pressing down, tighten 
the jewel lock nut with a suitable wrench. 

behind the flux from the current electro-magnet providing the power factor 
of the load is unity. Each of these fluxes sets up eddy currents in the disc 
of the meter and these eddy currents in turn produce fluxes of their own 
which interact with the main fluxes in such a way as to produce a driving 
torque directly proportional to the product of volts times amperes times 
power factor; in other words, a torque exactly proportional to the true 
watts deliver^ to the load. 

The arrangement of the poles is quite different from the ar- 
rangement in an ordinary split phase or two phase motor, but 
the underlying principles are the same. 
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The flux fran the permanent masmet acts as the field of the short 
circuited generator and the disc serves as its rotating armatuie. As the disc 
revc^ves below the poles of the permanent magnet* cutting the lines of 
force emanating therefrom, eddy currents (often referred to as Foucault 
cuiren^) are set up in the disc and these in turn set up a flux of their own 
which interacts with the flux from the permanent magnet (in accordance 
with Lena* law) to retard the motion of the disc. 



The retarding torque so de- 
veloped varies directly with the 
speed of rotation. 

The power absorbed by this short 
circuit^ generator, which functions 
as a magnetic brake, must be suf- 
ficient to hold the speed at a fairly 
low value in order to prevent undue 
wear of moving parts and also in 
order to avoid a certain retarding 

Fig. 4,479. — ^Sangamo single phase inductivt 
watt hour meter bearing mtfatam, Tht 
Mtpper pivot, or bearing is nttade of tem* 
pered steel wire and of sufficiently small 
diameter to be quite flexible in the length 
between the top of the brass shaft and the 
guide ring in which it rotates. The guide 
nng. made of phosphor bronze, has the 
bearing hole burnished. The upper bear* 
ing screw, in which the bronze bushing is 
carried, is so constructed that a long brass 
sleeve closely surrounds the upper pivot of 
the spindle. Any blow against the moving 
system, caused by accident or short circuit, 
will slightly deflect the shaft until the steel 
pivot touches against the side of the shell, 
thus preventing danger of breaking off oi 
bending the upper pivot. At the same lime 
a cushioning or flexible action between the 
shaft and the bearing shell is secured, thus 
eliminating the effect of vibration in the 
moving system, which would lend to produce 
rattling. The lower bearing consists of a 
oup sapphire jewel, supported in a threaded 
Pillar, the upper end of which is provided 
with a sleeve so located that it prevents the 
moving element dropping out during ship- 
ment. This protecting sleeve is held friction 
tight on the shaft and can be removed if it 
be desired to inspect the jewel. 
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torque, due to the interaction between the electro-magnets and the disc, 
which would be felt if the speed were high. 

In addition to holding the speed at a low value the short circuited gen- 
erator or magnetic brake serves to regulate the speed by means of the 
full load adjustment. 

Since friction torque does not vary with the speed and increases as the 
bearings become worn, it is not desirable as a retarding torque. Never- 
theless. it can be entirely compensated for as long as the character of 



Fig. 4,4S0. — Sangamo single phase inductive watt hour meter rmwUter; back view ihowint 
arrangement of the worm wheel, compound attachment, locating bracket, and IcNddag 
levers. It /a located on a brass bracket and held by two small levers. By drawing t|ia 
levers down to a horisontal position, they are disengaged from the supporting bracket and 
the train can be removed by sliding it fcn^ard. The bracket is accurately located by two 
dowel pins set in the top face of the main gnd, and is held to the grid by two screws easily 
acoenible from the top. All registers used are marked with symbols on the back of tbs 
train and on the compound attachment to indicate the correct register ratio of each combina- 
tion; this ratio being different for meters of diflferent capacities, in order to obtain a dkoct 
tendiing in kilowatt hours on the dial. 


the bearing surfaces remains unchanged. This is accomplished through 
the agency of the light load adjustment plate. Unfortunately, the con- 
ation of the bearing suifaces tends to change from time to time, and it 
ia this that makes the presence of friction so objectionable and which 
makes it necessary to keep friction torque at a very low value in propor- 
tkm to driving torque. 
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^ce friction in the lower bearing is proportional to the weight of the 
moving element it will be apparent that this part should be made as light 
as is consistent with necessary strength and that the driving torque should 
be kept at a high value, also that a meter with a high torque will not 
give satisfactory long time operation if in addition to high torque it has 
a heavy moving element. This is especially true of induction type meters* 
for in addition to the wear due to turning friction, there is the wear due 
to the ceaseless vibratory motion of the moving element which is not present 
in dx, meters. 

Induction Watt Hour Meter Adjustments. — ^There are three 
adjustments: 

1. The full load adjustment; 

2. The light load adjustment; 

3. The inductive load adjustment. 

The full load adjui^iment regulates the retarding torque of the short- 
circuit^ generator; the light load adjustmeni is a device for exactly counter- 
balancing friction torque, and the inductive load adjustment induences the 
driving torque of the motor element on inductive loads. 


In the Duncan induction watt hour meter: 

1. The full load adjustment is made by raising and lowering the full load 
adjustment screw. As the head of this screw is moved upward toward the 
poles of the permanent magnet (its front turned to the right) more flux 
is made to cut the disc and as a result the braking effect of the short cir- 
cuited generator is increased and the sp)eed of the meter reduced. As 
the head of this screw is moved away from the poles of the permanent 
magnet the opposite result will be observed, 

2, The light load adjustment device consists of two hollow squares, each 
of which surrounds one of the poles of the voltage electro-magnet. If 
this plate be placed symmeirically with respect to the two poles of the 
voltage electro-magnet it will have no effect whatever upon the operation 
of the meter at light load, but as this plate is moved to the right or to 
the left out of symmetry with the poles of the voltage electro-magnet the 
meter will be given a slightly forward or backward torque. This plate 
has the effect of setting up slightly shifting magnetic fields which have a 
cc^tant influence upon the disc at all meter speeds, so that any given 
Mction torque can exactly compensated. 
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3. Thi induetiwi load adjustmeni plate is similar to the light load adjust- 
ment plate except that it is intended to be symmetrically placed with 
respect to the poles of the voltage electro-magnet at all times, and, there- 
fore, has no influence upon the light load operation of the meter. 

Instead of moving this plate in a horizontal direction, as is the case 
with the light load adjustment plate, it is moved vertically and has more 
effect as it is moved closer to the voltage coils and less effect as it is moved 
downward away from the voltage coils. The inductive load adjustment 
plate does not operate in connection with the voltage electro-magnet to 
produce a shifting magnetic field, but instead simply superimposes a sec- 
ond Add upon the main field of the vdtage electro-magnet, tltt two fieldB 



Fig. 4,4S1. — Diagram showing relation of current and voltage fluxes in Duncan single j 
induction meter. In the diagram, 0£. represents the voltage of the circuit; OA, the current 
which lags behind OE, by an angle OB, flux of the current electro-magnet which is aa- 
eusned to be in phase with OA; OFi, current and flux in the voltage coil which lags behind 
the voltage of the circuit by an angle 0 ; OC, current in the inductive load adjustment plate; 
OFs, flux produced by this current; OF, represents the resultant of OFs, and OFi, and it 
W01 be noted that OF, is exactly 90* behind OE. Under these conditions, the meter will 
have a torque proportional to OEXOAXcosine of This is proportional to the energy 
being used. 

forming a resultant flux which differs by exactly 90^ from the flux set up 
by the current electro-magnet when the power factor of the load is 1*0. 
In this way the met^ is made to record accurately on loads of all power 
factors, for the torque of the meter, when it is correctly adjusted fmr in- 
ductive loads, will be exactly proportional to the sine of the angle of 
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phase diiference between the current and voltage fluxes, which is exactly 
equal to the cosine of the angle by which the airrent lags behind the 
voltage of the circuit. 

Since the true power delivered to the load is equal to effective amperes 
times effective volts times the cosine of the angle of lag. it is at once ap- 
parent that the torque of the meter will at all times be proportional to 
the power delivered to the load no matter what the power factor. 

Fig. 4,481 is a vector diagram showing how the fluxes from 
the inductive load adjustment plate interact with the fluxes 
from the voltage electro-magnet to form a resultant whidi is 
exactly 90® from the flux produced by the current electro- 
magnet when the power factor of the load is unity. 

In other words, exact quadrature under these conditions is made to exist 
between the current and voltage fluxes and as a result the meter will register 
a load of any power factor whether leading or lagging with high accuracy. 

Creeping. — If an induction watt hour meter be correctly ad- 
justed and contain no friction and if the line voltage be steady 
and no vibration be present, the disc will not start to creep, 
but if there be a little friction present or if the line voltage be 
somewhat higher than normal or if the meter be mounted upon 
a wall where there is vibration, the disc may tend to creep 
slightly. 

In order to prevent continuous creeping, two holes are punched in op- 
posite sides of the meter disc. When one of these holes comes within the 
influence of the voltage electro-magnet at the rear of the meter, the ten- 
dency to creep will be overcome, since the resistance of the disc is increased 
thereby lessening the forward torque produced by the light load adjust- 
ment. Two holes are provided, rather than one, to balance the disc, and 
to prevent the meter creeping more than one-half of one revolution. 

In order to simplify the problem as much as possible, assume 
a load having a unity power factor. 

Curve E, in fig. 4,482, represents the voltage impressed on the voltage 
electro-magnet and curve 0 ®, the flux set up by the voltage electro-magnet. 
Intervals of time are represented on the horizontal line ai. This flux is 
made to lag behind the voltage by exactly 90® due to the high impedance 
of the voltage electro-macmet and to the inductive load adjustment. 
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Curve I, represents the current in the current electro-magnet and is of 
course in phase with E, and also which is the flux set up by the cur- 
rent I. It will be seen from curves and that at instant a, the flux 



Pigs. 4,4S2 to 4,489. — ^Diagrams showing how torque is produced in Model M2 Duncan watt 
hour meter. A, curves; B. magnetic poles of electro-magnets, also eddy currents in disc de- 
veloped by current electro- magnet at instant «: C, magnetic poles of electro- magnetSf also 
eddy currents in disc developed by voltage electro-magnet at instant c; D, eddy currants 
in disc being developed at instant a, by current electro- magnet; E, eddy currents 
In disc being developed at instant b, by both current and voltage electro-magnets; F, eddy 
currents in disc being developed at instant c, by voltage electro-magnet; Qi magnetic poles 
of electro-magnets and eddy currents 1 at instant b; H. magnetic poles of el6Ctro*magData and 
a^y current I at instant b. 
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in the current electro-magnet is passing through its zero point, changli 
from negative to positive, and that the flux from the volta^ electr* 
magnet is at a negative maximum. 

The flux ^ 1 , from the current electro-magnet induces eddy currents in 
the disc, as li. Since the magnitude of the induced current depends upon 
the rate of flux change, the current Ii, will be at negative maximum when 
the flux <^i, is on the point of changing from negative to positive. It will 
also be at a zero value when 4>u is maximum. In other words Ii, lags 
exactly 90*" behind ^i, in time relation and is in phase with the flux 
from the voltage electro-magnet. B, represents diagrammatically the re- 
lationships at instant a. It will be seen that the currents Ii, induced in 
the disc by are as indicated in B and D. These eddy currents li, set 



AO^WSTlNe SCREW CLAMPING SCREW 

Fig. 4,490. — Sangamo single phase inductive watt hour meter grid (back view) showing Ughi 
load adjumtmant. The principle involved is practically the same as used in all modem types 
of induction meters. The variation lies simply in the mechanism for manipulating the device. 
The device coneiete of ^ vane, or flat single turn shading coil, stamped out of a piece of 
low resistance metal, located in the gap of the shunt field so that the action of this field 
produces secondary currents within it. When this vane lies on either side of the center 
of the field it produces an unbalanced effect which tends to rotate the armature either for- 
ward or backward, depending upon which side the vane is placed. In conetruetion, the 
vane is mounted on a shaft carried by a bracket fastened with screws to the back of the 
gnd. On the lower end of the shaft is 1 1 veted a sector with teeth milled into i ts edge. Thf»e 
teeth engage a screw, the head of which is accessible from the front. A coil spring prevents 
any l^ck lash between the sector and the screw; therefore, the tightening of the clamping 
screw holds the adjustment permanently as set 'Fhe adjusting screw is stamped with ten 
divisions, and arrows with letters F, and S, that indicate respectively the direction of move- 
ment to make the meter run faster or slower on light load One complete revloution of the 
adjusting screw produces a change of approximately 2 5% at one tenth load, or one divi- 
sion produces a change of about .25%. Th^fore, with slight practice it is not difficult to 
obtain an adjustment of .1% at on tenth load. 
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up fields as shown in B, which are in phase with the flux from the 
voltage electro-magnet. 

The letters N and S, in B, represent the relative positions of the pedes 
of these fields. It will be noted that there will be an attraction between 
the fields having the same direction, and a repulsion between those having 
opposite directions. Thus there will be a tendency for that portion of 
the disc between the electro-magnets to move from right to left so the 
fields having the same direction will coincide. 

Since the back of the disc as in D, is being considered, the direction of 
rotation in front will be from left to right or “forward" rotation. 




Fig. 4,491. — ^Sangamo type H single pnase watt hour meter. Two wire, capacity 5 to 100 
amperes inclusive. 

Fig. 4,492. — Connections for Sangamo type H single phase watt hour meter. Three wire, 
capaciO' 5 to ICX) amperes, 'nclusive. 


In the discussion so lar the effect of the eddy currents Ig, in- 
duced in the disc by the flux ^e. has not been considered. 

Upon referring to A, it will be noted that at instant a. these currents 
are zero. 

At instant c, the flux due to the voltage electro-magnet is at its zero 
pdnt while the flux 0i, from the current electro-magnet is a positive max- 
imum. The action here is similar to that at instant a, except that the con** 
ditions are reversed. 
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The flux from the voltage electro-magnet induces currents in the 
disc as Is* which lag ^* by exactly 90^. At instant c» they are a positive 
maximtim. The current I, in the current electro-magnet is at a maximum 
as is the flux ^i, which it sets up. 

Upon referring to C, it will be noted that the center pole of the current 
electro-magnet is now a north pole and the two outside poles are south. 
At instant c, the eddy currents in the disc which are set up by the 
voltage electro-magnet are a maximum and are as shown in C, and F. 
As in B. the letters N and S, represent the relative positions of the poles 



Pig. 4,493.-- Connections for Sangamo type H single phase watt hour meter, with cunmt 
ttanaformer. Two wire, capacity 150 amperes and above. 


of the fields set up by the eddy current Is. in the disc and the fields set 
up by the flux from the current electro-magnets. 

As before there is an attraction between the fields having 
the same direction and a repulsion between those having op- 
posite directions so there will again be a tendency for the disc 
to have “forward rotation.” 
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Thus the direction of motion of the disc at instant c, is the same as at 
instant a. At instant a, there are no eddy currents generated in the discs 
by flux from the potential electro-magnet due to the fact that it is 
at its maximum value and the rate of flux change is zero. 

Likewise at instant c, there are no eddy currents generated in the disc 
by flux ^1, from the current electro-magnet as it is then at its maximum. 

By following this analysis through instants e, g and *, thus completing 
the cycle, there will be found a tendency to produce forward rotation at 
each instant. 



Fxc. 4,494. — Connections for Sangamo type H single phase metw with three wire current 
transformers. Capacity 150 amperes and above. 


When considering instants between a, c, e, g and i, such as ft, 
a somewhat more complicated situation arises. 

At this instant both current and voltage fluxes are changing rather rap- 
idly. Theoretically it would be possible to combine these fluxes into a 
resultant, but a study of what happens can l>est be pursued by first con- 
sidering the torque produc'ing effect of the poles of the voltage’ electro- 
magnet when interacting with the poles in the disc generated by the eddy 
currents set up by the curre:»t electro-magnet, and then seeing the effect 
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of the interaction of the poles of the current electro-magnet and the poles 
set up by the eddy currents in the disc resulting from the voltage electro- 
magnet. 


It will help in understanding the situation if attention be 
called to the fact that the eddy currents, generated by the 
current electro-magnet, set up poles in the disc which have 
no torque producing qualities so far as the poles of the current 
electro-magnet are concerned. 



Fig. 4.495. — Connections for Sangamo type H primary meter with current and potenti^ 
transformers, all capacities. 


This is also true of the voltage electro-magnet, except that the light 
load adjustment plate used in connection with the voltage electro-magnet 
gives a slightly unbalanced effect which produces a very slight torque, 
which is just sufficient to overcome friction. For the purpose of the present 
discussion, however, it may be assumed that the voltage electro-magnet 
sets up eddy currents in the disc which form magnetic poles and that 
these magnetic poles when considered in connection with the pcries of the 
voltage electro-magnet do not tend to produce torque. A study of the 
diagrams will show this point more dearly. 
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The curves in show that the eddy currents h] being induced in the 
disc at instant are as indicated in £ and G. These currents are in the 
same direction as they were at instant a, but are reduced in strength. 

Curve shows the dux from the voltage electro-magnet at instant b, 
to be in the same direction as at instant a, but like Ii, reduced in strength. 
Therefore, the action between the fields set up by the eddy current lu 
which are induced in the disc by the current electro-magnet and the flux 
from the voltage electro-magnet is to produce torque as indicated in 
G, which is similar to 6, Since b, can represent any point between a 
and c, the t<nque due to these two quantities will vary from a maximum 
at a, to zero at c. 

At instant b, eddy currents 1^ are also being induced in the disc by 
the flux from the voltage electro-magnet. These eddy currents have 
the same direction at instant b, as in instant c, but have not yet reached 
their maximum strength. The flux tbu h’om the current electro-magnet 
likewise has the same direction at instant b, as at instant c, but has not yet 
reached its maximum value. It has the direction as indicated in H. 
and the magnetic fields set up by If, interact to produce rotation in the 
same way and direction as they do at instant c. 

At instant b, is seen, therefore, two totques acting at the same time to 
produce a forward rotation of the meter disc. This reasoning if followed 
through the complete cycle will show that the preceding torques combine 
to produce a pulsating torque tending to drive the disc in a forward di- 
rection. 

In this discussion no attempt has been made to take into 
consideration the damping torques arising from the interaction 
of the fluxes from the current and voltage electro-magnets with 
the eddy currents which they induce in the disc. 

A discussion of them here would not alter the preceding explanation and 
would only serve to complicate it. Therefore, it is sufficient to say that 
the disc in cutting through the fluxes from the current and voltage electro- 
magnets has eddy currents generated in it ^nd these for their amplitu^ 
are just as effective in damping the rotation of the disc as those generate 
from the permanent magnet flux. The result is that the total damping 
torque in the induction type meter is not constant, but increases as the 
current in the current coil of the meter increases. 

The damping effect of the electro-magnets is an important item to be 
considered in the design of an induction type watt hour meter as it influ- 
ences appreciably the characteristics. 
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Methods of Adjustment. — ^The following instructions relate 
in particular to the Duncan meter, although the principles 
involved are general. 


Single Phase Meter 

Full Load Adjustment. — ^This is effected by means of a large 
flat headed screw M, as shown in fig. 4,496, situated immedi- 
ately below the poles of the permanent magnet. 



FkC4 4»496.— 'Duncan siitisle phaae induction watt hour meter with regkter removed, flbo 
' pturt» urmt A., light load adjustment screw; E. light load adjustment clamp screw; S. ter^ 
minal chamber cover sealing screw; S. sealing ear on terminal chamber cover; R. disc; T, 
test link; full load adjustment Ctamp screw; M. full load adjustment screw; J, inductive 
load adjustment clamp screw; I. inductive load adjustment. 
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Turning the front of this screw to the right will cause^ the meter to 
run slowly on full load and turning it to the left will cause the meter to 
run faster on full load. In meters of recent manufacture, this is cle^ly 
indicated by two arrows and by the letters F, and S. The direction is 
the same for all Duncan single phase meters. 

Before turning the full load adjustment screw, the clamp screw F, mxist 
be loosened, and of course, this should be tightened after adjustment has 
been made and before making the test runs. 

Light Load Adjustment. — This, like the full load adjustment, 
is of the micrometer type and is made by turning the light load 



Pig. 4,497. — Connectiona for Sangamo type H horizontal polyphase meter, two and tlmee 
phase, three wire. 


adjustment screw A, so as to cause the light load adjustment 
plate to move to the right or left. 

Turning this screw so that its front is moved upward will cause the 
meter to run faster at light load and turning it so that the front moves 
downward will bring about the opposite result. In meters of recent mail- 
ufacture, the head of this screw is marked with two arrows and with the 
letters F, and S, so that it is not necessary for the meter tester to re- 
member which way to turn this screw. In older tyoes of meters* the 
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direction of rotation is shown by an instruction sheet pasted to the inside 
of the meter cover. Before attempting to turn the light load adjustment 
screW) the light load adjustment clamp screws EE, should be loosened 
and should be tightened again after turning screw A, and before making 
further tests. 

Meters made at the present time are provided with a spring to t^e up 
back lash. The purpose of this spring may be defeated if the light load 
adjustment screw be moved while the clamp screws are tight. 



Fig. 4,498. — Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, thre^ wire, with current transformers. 


Inductive Load Adjustment. — ^This will seldom require at- 
tention, as it is carefully set at the factory. When adjustment 
is necessary, first loosen the inductive load adjustment clamp 
screws JJ, which should be tightened again immediately after 
changing the adjustment and before test runs are made. 

Raising the ears B, will cause the meter to run faster on -inductive loads 
and lowering them will cause the meter to run slower on such loads. It 
is best to keep the two ears exactly level with each other. If one of them 
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be higher than the other, the light load adjustment of the meter will be 
affected to some extent. 

Polyphase Meter 

Full Load Adjustment. — Although the polyphase meter is 
provided with two full load adjustment screws, one of them 
will usually suffice, and the screw G, is the only one indicated 
in fig. 4,500. The adjustment is exactly the same as in the 



Pic. 4|,499. — Connections for Sangamo type H horizontal polyphase meter, two and three 
phase, three wire, with current and potential transformers. 


case of the single phase meter, and the clamp screw F, should 
be loosened before each adjustment and tightened after each 
adjustment. 

If the front of the screw be turned to the right, the meter will run slower 
on full load, ‘and if turned to the left, will run faster on this load. 

If the lower full load adjustment screw be iised, then its inmt should 
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be turned to the left to retard the motion of the discs and to the right 
to speed up the discs. Both of these adjustments are indicated in meters 
of recent manufacture by arrows and the letters F and S. 

Light Load Adjustment. — ^Each of the two light load ad- 
justments is locked by two clamp screws. One of the upper 
clamp screws is shown at E. The clamp screws should be loos- 
ened before each adjustment and tightened immediately after 
each adjustment and befmie making test runs. 



Fto. 4,800.— 'Duncan polyphate induction watt hour mater. Thm pmrtm mm L and O, Uilht 
toad adloatineDt acrews; E, upper li^ht load adjuttment damp screw; KK, b a l a n o a adind- 
meot clamp screws; H. balance adjustment screw; F, full load adjustment clamp screw; 
G, IttU load adjustment clamp; G. full load adjuatment screw; JJ, inductive load adjual- 
ment damp screws for lower element; II, inductive load adjuatment for lower elenMOtS 
M, holding screw for dowelled full load adhiatmenr screw plate. 
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To increase the torque of the lower element at 50 per cent lag^ power factor, loosen the damp 
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JJ, and lower the ears II, approximately the same distance, after which, 
and before the next test, the clamp screws should be tightened. 

Raising the ears II, will reduce the lower element torque at 50 per cent 
lagging iK)wer factor. The inductive load adjustment of the upper element 
is identical except that its ears should be raised to increase the torque 
of the upper element at 50 per cent lagging power factor and lowered to 
secure the opposite result. 

Balance of Elements Adjustment. — Loosen screws KK, and 



Fig. 4,503. — Connections for Sangamo type H vertical ix)lyphase meter, 150 amperes and pver, 
no to 550 volts, inclusive, tvo and three pbai>e, vnth current transformers. 


turn screw 11, until desired result is obtained. Screw H, acts 
as an eccentric to raise and lower the plate upon which the 
upper current electro-magnet is mounted, the direction of 
movement being indicated by the motion of the screws KK, 
which are mounted on the plate. 

Be sure to tighten screws KK, after turning screw H, and before again 
testing for accuracy. As the screws KK, move upward the upper element 
will have more and more torque. Turning the screw H, so that the screws 
KK. come downward will give the upper element less torque. The 
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balance adjustment is carefully made at the factory and will aetdoin 
require attention. 


The Registering Mechanism. — ^This comprises the dials^ 
pointers, and gear train necessary to secure the required reduction 
in speed. This gear train is dinven directly by the rotating 
element and therefore its friction should be low and constant. 

The object of the registering mechanism is to register either the revolu- 
tions of the rotating element of the motor or the equivalent of those revo- 
lutions in kilowatt hours. 



In some of the earlier types of meters this mechanism or register was 
alike for all ratings and such that 1,000 revolutions of the rotating element 
would cause the first dial pointer to make one complete revolution. The 
register constant for watt hours for this type of register was the same as 
the watt hour test constant of the meter. 

In other tyi)es of meters, additional reduction gearing was introduced 
into the register so that the register read directly in watt hours, or the 
register constant was 10 or some multiple thereof. The first type of reg- 
ister has the advantage that with the exception of the register constantt 
registers for all ratings of meters are exactly alike, and therefore the 
Siossibility of a wrong gear ratio was avoided. 
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The simplicity of the direct reading type from a reading and billing 
standpoint, however, has led to its standardization. The number of 
revolutions of the rotating element of the meter per kilowatt hour is in- 
versely proportional to the watt hour constant of the meter. Accordingly, 
the gear mechanism between the rotating element of the meter and tl^ 
first dial pointer will be different for meters having different test constants. 

Furthermore, since watt hour meters are usually read but once each 
month, the register must be such that it will not repeat (that is, the pointer 
of the last dial will not pass over the zero on the last dial more than once) 
during that interval. The following definitions relating to the registering 
mechanism should be noted. 



Pig. 4,505. — Sangamo single phase inductive watt hour meter register dial with ieet dimL 
It has a small test circle indicating one kilowatt hour per revolution in all sizes where the 
first regular circle indicates 10. This is provided to conform with the requirements of the 
CanadlauA Government and it is intended that the hand on the test circle shall make not leas 
than revolution in one hour with full load on a meter. 


Definitions 


Dials . — ^The graduated circles over which the dial pointers move. 

Dial Pointers . — ^Those parts of the register which move over the dials 
and point to the numbers on the divisions of the dials. 

Dial Train . — All the gear wheels and pinions used to interconnect the 
dial pointers. 
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FirBt DM. — The graduated circle over which the most rapidly moving 
dial pointer moves, the test dial not being considered. 

Gear Ratio. — (R,) The numlDer of revolutions of the rotating element 
for one revolution of the first dial pointer. 

Jlcgiafen— That part of the meter which registers the revolutions of 
the rotating element or the equivalent of those revolutions in kilowatt 
hours. 

RegUter Constant. — (Kr) The factor used in conjunction with the 
register reading in order to ascertain the total amount of electrical energy- 
in the desired unit, that has passed through the meter. 

Register Ratio. — (Rr) The number of revolutions of the wheel meshing 
with the worm or pinion on the rotating element for one revolution of the 
first dial pointer. 

Register Reading. —The numerical value indicated on the dials by the 
dial pointers. Neither the rtgisler constant, nor the test dial, if any exist, 
is considered. On some meters a multiplier (such as 100s) is printed ad- 
jacent to the dial to which it applies; on others a number adjacent to the 
dial (printed without the letter s) is the numerical value of one revolution 
of that dial hand. Such multipliers or adjacent numbers also are disre- 
garded when recording the register reading. On some meters the first dial 
has its major divisions marked with two digit numbers; its indication 
should be so recorded. The matter of register readings is greatly simpli- 
fied, and the errors of meter readers are minimized, when standard reg- 
isters are used. 

Registration. — The numerical quantity expressed in the desired unit 
corresponding in value to the energy that has passed through the meter. 
It is equal to the product of the register reading and the register constant. 
The registration during a given period of time is equal to the product 
of the register constant and the difference between the register readings 
at the begiiming and the end of the period. 

Standard Register. — One in which each of the four dials is divided 
into ten equal parts, the division marks being numbered from zero to nine 
and the gearing between the dial pointers is such that the relative move- 
ments of adjacent dial pointers are in opposite directions and in a 10 to 1 
ratio. The constant necessary for use in conjunction with the register 
reading may be 1, 10 or any power of 10. Nothing appears on the register 
foce in addition to the dials except the word kiUnvatt hours and the rtgisisr 
constant. 
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Test Dial . — An extra dial placed upon the register face, or other part 
of the register, of some meters and used only when testing the meter. 
The term test dial does not apply to any of the dials on a rotating standard. 

The gdar ratio, register ratio and register constant (see defini- 
tions) are important factors in the correct registration of the 
meter.* 



Fig. 4«806.->ConnectioiM for Sangamo type H vertical polyphase meter, all rapacitima, 1,100 
volts and above, two and three phase with current and potential tranaftMinera. 


When the dial train is removed, the gear wheel, \diich 
meshes with the worm or pinion on the rotating element diaft, 
remains in the meter. It should be noted in such cases that 


«N0TB. — ^Practically all manufacturers have adopted the various recommendations of tha 
different Meter Committees and at the present time mark the value of the register ratio on 
the back plate of the register. 
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the gear ratio and register ratio includes as much of this gear* 
ing left in the meter, as would be included were it integral with 
the part of register removed from the meter. 

A worm and worm wheel are freqiiently used in connection with gears 
for speed reduction. A single worm is simply a screw thread on a shaft 
and in a train of gears acts similarly to a gear having but one tooth. The 
worm is arranged so as to engage a worm wheel having a relativdy hurge 
number of teeth. 



Pig. 4,S07.— Weatinghouae polyphase watt meter with cover and dial removed. 


A double worm is sometimes employed, consisting of two screw threads 
on a shaft, which acts as a gear with two teeth. In calculations a single 
worm should be considered as a gear having one tooth, and a double worm 
as a gear having two te'^th. 

A worm and worm wheel require less space than a pinion and gear de- 
signed for the same conditions, and involve a 90"' difference in direction 
between the axes of rotation of the worm and the gear. . 
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Pig, 4,506. — Connections of 2 wire Duncan model M2 watt hour meter, 5 to 100 amperes, 
600 volts and less. 


Pig. 4,509.— Connections of 3 wire Duncan model M2 watt hour meter, 5 to 150 amperes, 
600 volts and less. 



Fig. 4,510.— Connections of 2 wire Dtmcan model M2 watt hour meter, 150 to 300 amperes, 
600 volts and less. 


Pig. 4,511. — Connections of 2 wire Duncan model M2 watt hour meter with current tram* 
mrmer. 400 amneres anu above. 600 volts and less. 
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TEST QUESTIONS 

1 . What is a watt hour meter? 

2. Of what does a watt hour meter consist? 

3. Name two types of watt hour meters. 

4. How does a watt hour meter work? 

5. What is the object of the motor and the generator? 

6. What provision is made to correct the error due to 

friction? 

7. What meter is chiefly used on a.c. circuits? 

8. Describe the operation of a single phase irxduction 

watt hour meter. 

9. Describe the three principal torques, 

10. How is the necessary split phase effect secured? 

1 1 . Name three adjustments for watt hour meters. 

12. How is the full load adjustment made? 

13. Describe the light bad adjustment device, 

14. How is the inductive bad adjustment made? 

15. What i creeping? 

16. How is creeping prevented? 

17. How are adjustments made on the polyphase meter? 

18. Describe the balance of elements adjustment. 

19. Of what does the registering mechanism consist? 

20. What is the object of the registering mechanism? 

21. Name two types of registering mechanism. 

22. Give a list of terms rebting to registering mechanism 

and define them. 

23. Name some important factors in the correct registra- 

tion of the meter. 
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CHAPTER 85 

Demand Meters 


By definition a demand meter is a device which indicates or 
records the demand m maximum demand. 



Fto, 4.512. — General Electric demand watt hour meter register. Scale shown is for 5 am p w, 
110 vrdt, 3 wire, 3 phase meter. 


The majority of central stations now include in their tariffs, 
some form of demand rate requiring the use of demand meters. 

A demand rate is one in which a factor is introduced offering 
certain economies to a customer who will arrange his dr<tft of 
energy so as to require a steady non-fluctuating supply over the 
major part of the working period. 
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It is easily understood that such a load is of great benefit to the central 
station as it reduces the amount of generating and line equipment neces- 
sary to supply the abnormal peaks which might otherwise oc^. The 
benefit of reduction of fixed charges on the central station is ^ssed on 
to the customer who aids, by his load regulation, in reducing them, and 
conversely a customer whose power requirements vary considerably, bears 
a proportional share of the expense incurred by the company in keeping 
equipment ready to meet such fluctuations. 



Fig, 4,513. — General Electric Bin^le phaae watt hour demand meter. 
Fig. 4,514. — General Electric polyphaae watt hour demand meter. 


The usual form of charge for maximum demand or **stand by “service*^ 
as sometimes termed in rate discussions, is a definite rate per kilowatt 
or kilovolt ampere of maximum demand as determined by demand meters, 
while the kilowatt hours of actual energy used are measured in the usual 
way by watt hour meters, and sold separately at a fixed schedule, both 
Items of charge being included in the gross bill . For this reason it is neces- 
sary to provide distinct elements to indicate or record kilowatts and kilo- 
watt hours separately, although the individual elements may be and often 
are combined in one case, and sold as one meter. 
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Demand meters measure a quantity which is composed of an 
electrical factor and a time factor. 

Accordingly each demand meter must contain an electrical element and 
a timing element which may be structurally either distinct or combined 
with each other. These two elements combined with a suitable recording 
or indicating eluent make up the demaitd meter. 



Fig. 4,515. — Diasram of General Electric demand #att hour meter register. Thm m«l#r 
trairs is driven directly by the meter disc shaft in tlie usual manner. The demand train 
is likewise driven directly by this same shaft, but with a disc type of friction clutch inter- 
posed between the worm wheel and demand pointer. Both registering elements (watt hour 
Ua&n and demand train) advance together. At the end of each interval, the demand train 
is reset to zero by the synchronous motor and a counterweight. The resetting operation 
is practically instantaneous. The motor gradually raises the counterweight to its over- 
balancing position. It then drops suddenly. In doing so it momentarily engages a muti- 
lated gear on the demand drive shaft carrying it to sero. The force thus applied is suffi- 
cient to slip the clutch through which the demand train is driven. This allows the return 
to take place without disturbing the gearing to the watt hour meter. If for any reason the 
action of the counterweii^t fails to return the demand pointer completely to aero, the motor 
ovarttkes the counterweight and forcibly drives the demand train to aero. This principle 
gives to the register its positive reset feature. Thus, an over regtstration of dema^ in the 
ensuing interval cannot occur because of failure to return to aero. 
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The electrical element of a demaiul meter is that portion which 
is effected by the electrical quantity which it is desired to measure; 


A Simple Device to 
Unmeehing Gears for 
ReectU ng watthour 
fbinters on Zem 


Poibhed Worms cif 
Ouralumtn 


Light-Weight 
Low 


(Sapphffs) 


Note Iron Pins 
in Disk 

Pig. 4,517.— General Electric watt hour demand meter register mechanism. A synchrcmoiie 
motor establishes the timing. Resetting of the demand mechanism is almost instantaneous. 
Moreover, its action is positive. The motor follows up the counterweight, and if the tatter 
fail to return it completely, the motor actually drives the mechanism to aero. The power 
required to restore the advancing mechanism to sero is supplied by the motor. The meter 
is not required to do this work, and is, therefore, practically unaffected by the additioiiat 
load or friction from the demand train, also the available power of the motor is ut^ieed 
efficiently by gradually storing up energy in the counterwe^ht to effect ^ tesettiHB 
operation. A micrometer zero adjustment for the demand pointer is provided as well at 
a means for quickly rstuming the watt hour pointers to zero. 
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the magnitude of the effect gives a measure of that electrical 
quantity. 


Fxct. 4»518. — Sangamo maximum demand register. The red hand on the inner ahowa 
the kilowatt rate. The long hand on the outer scale shows the highest demand dnce tilt 
^t reading, tn operation the register works on the Mers principle in which the pointer 
it advanced over the demand scale at a speed proportional to the rate of energy consump- 
tion. The actuating mechanism is returned to its starting position at the end of a pR- 
det^mined time interval, leaving the pointer at the highest position to which it haa been 
carried in any one or more equal time intervals. The pusher arm is returned to aero by 
means of a cantilever resetting spring operated by a simple arrangement, consisting of two 
cams revolving at different speeds and having segments cut out to allow a pin to drop when 
the openings in the cams register at the end of each time interval. The operation of the 
register is described in detail in fig. 4,519. A manual reset with usual arrangement for aeal- 
ing, is mounted on the glass meter cover, by which the indicating pointer may be returned 
to its aero position at reading intervals. A synchronous motor is used as a timing element. 

Thus, the electrical element of certain demand meters is similar to an 
ordinary ammeter or watt meter of the deflection type, and in othm it 
is a watt hour meter or other integrating meter, and in still others it is a 
resistance coil which introduces a heating eiSfect which is interpreted in 
terms of amperes or watts. 
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Fig. 4,519. — Diain^m of Sangamo maximum demand register. In operation, ragister 3. w 
driven through the usual tram of gearing from the watt hour meter disc 1 . Shaft 4, through 
gears, also drives shaft 28, which carries the pusher arm 23. This pusher arm rotates at a 
speed proportional to tlie rate of energy consumption, and, as it travels across the scale, 
it pushes the indicating sweep hand 25. The power from the watt hour meter is transmitted 
through a friction clutch that couples gear 6, to shaft 28. The reseting mechanism, which 
ocmverts this indicator into a maximum demand indicator, is operated by the synchronous 
motor 18, which through worm reduction and gears, operates two cams 16 and 17. Cam 16, 
through double reduction 30 and 22, 32 and 33, operates at one speed, while cam 17, operates 
sixteen times faster on intervals greater than five minutes, while on five minute intervafs, 
60 or 60 cycles and all 25 cycle fifteen minute intervals or less, the ratio is 4 to 1 . On the 
face of cam 16, rides a pin 11 , which is carried on an arm 12, and held in positive contact 
by a cantilever spring 13. A/Vhen cam 16, is in such position that the notch 34, is bdow 
the pin, then the pin 11, rides on cam 17, and when the low side of cam 17, comes under 
the pin, it drops into the notch. Then tiirough pin 10, arm 9, which carries a toothed sector, 
is pushed down, and throt^ pinion 8, rotates the pusher arm 23, back to aero. Hia 
power from the cantilever spring 13, pushing through pin 10,' or arm 9, is sufficient to over- 
ooms the friction clutch and return the pusher arm to aero, the aero point being determined 
by the adjustment screw 27, which acts as a stop. This operation is perloimed miiddir 
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The timini element of a demand meter is the mechanism or 
that feature of the device through which the demand interval is 
introduced into the result. 

While the principal function of the timing element of a demand meter 
is to fix the demand interval, its subsidiary function in the case of certain 
types of demand meters is to provide a record of the time of day at which 
any demand has occurred. 



Fio. 4,520*— Sangamo maximum demand register; rear view. 


Pio. 4519 . — Taxi Cotdiuued. 

and cam 17, then raises pin 11, which by that time, is picked up by cam 15» and carried 
until the next interval occurs. The normal rotation of shaft 28, by the watt hour meter 
disc, returns the arm 9, to position ready for the next resetting. Tbc indicating hand 25, 
due to friction in the spring bearing 26, remains in whatever position the pusher arm leaver 
it. The co<Mdination between pusher arm 23, and indicating pointer 25, is attained by 
means of adjustment screw 24. The tension of the cantilever spring 13, is adftwtcd by 
means of scr^w 14. 
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The titnins element consists either of a clock or its equivalent (for ex* 
ample an electric motor) or of a lagging device which delays the indica- 
tions of the electrical element. 

In order that the measurement of electrical quantity as made by the 
electrical element may be combined with the measurement of time as made 
by the timing element, a further element, the recording element, is required. 



VW. 4,821. — ^Duncan a.«. demand watt hour meter register, rear view showing motor. 


In many important classes of demand meters, this is separate from the 
electrical and timing elements, but in other classes the electrical, timing 
and recording elements are inter-constructed. 

Classification of Demand Meters. — There are several types 
of demand meters to meet the varied requirements of service, 
and they may be classified as: 

1. Integrating; 2. Lagged; 

3. Recording. 

Biiefiy: 

An integrating demand meter is one which indicates or ro- 
unds the maximum demand obtained through integration. 


NOTE. — ^The word means to gie* the sum Mol of. 






4,522 and 4,523. — ^Diagram of Duncan register showing working principle, tn < _ 
i, the watt meter moving element drives the watt hour dials through the gears C »?*d 
direct and the demand pointer through the clutch gear A, which is shown in detail In 
4,523. The demand pointer is reset to aero at the end of each demand interval throiigh 
agency of a synchronous timing motor shown at M. The timing motor runs contimi- 
y at synchiomms speed and through a proper gear reduction drives the cam £, so that 
it m a k e s one complete revolution each demand interval. This cam moves a gear sector F, 
against a spring G. The gear sector F, is continuously in mesh with B, the other gear whael 
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Fig. 4,524. — Diagram of Westinghouse type OA, single phase demand meter. AdJUMtmmntM 
1, Time adjustment. The motor speed should be 200 r.p.m. for all intervals. As it is impo»> 
sible to check this speed directly, a small white pointer is provided on the No. 12 shaft. 
This shaft makes four revolutions per minute (except for ^ minutes, which has a speed 
of 2.4 T,p.m.) when the motor disc is revolving at proper speed of 200 r.p.m, A small black 
spot which may be used for timing is placed on one spoke of the gear wheel on No. 12 shaft, 
as many prefer this method of timing. The motor speed is adjusted by the motor adjust- 
ment screw H. Turning the screw in increases the motor speed. This adjustment givm 
a range of approximately 15 per cent change in the motor speed. If sufficient adjustment 
cannot he obtained with this adjustment, further adjustment is obtained by adjusting 
the resistance in the secondary of the motor circuit, very similar to the manner in wbidi 


Fioa. 4,522 and 4,523 . — Text Continued, 

of the friction clutch, through suitable gearing such as O. The pin H. is fixed in gear B, 
while the pin I, is hxcd in the shaft J, carrying the demand driving pointer. Gear B> la 
free to move on shaft J. until the pins come into action. As the watt hour meter advanoea 
the demand pointer through gears C and A, A drives the shaft J, through a friction dutch 
aa shown. At the end of the demand interval the roller K, drops off the tip of the cam 
and the spring G. forces the sector gear F, back. This in turn reverses the motion Gf tha 
gearB. When B, is reversed the pin H. picks up the pin I, in the shaft J, and slips J, throudt 
the friction clutch retoming the demand driving pointer to it» aero position. 
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An integrating demand meter consists of a device in combinaticm with 
an integrating meter whereby the energy consumption as measured by 
the meter is registered from time to time in such a way that the maximum 
demand may be determined from the record. 

There are two types: 



Fig. 4.S2S. — t>iiiic«n mazimiun demand watt hour meter regiater dial; front view. 


Pto. 4.524 — Text Ctmtinued. 

the power factor adjustment is made on the polyphase type OA watt hour meter. In- 
creasing the resistance of the motor eecondary circuit decreases the motor speed and de- 
creasing the secondary resistance of the motor circuit increases the motor speed; 2. Zwe 
adjustment. Turning worm R (adjustment h,) in clockwise direction moves tlte white 
pointer up scale; 3. Adjustment b determines the depth of mesh of the worm wheel d. with 
the worm /. This should be adjusted so that the teeth on the worm wheel do not mesh 
the full depth of the thread on the worm and cause an excessive friction load on the No. IZ, 
shaft; 4. Adjustment c, is provided to insure proper connection between the link A. and 
the tever g. This adjustment should be made so that the worm wheel d, will be moved 
out of mesh with the worm /, a distance of approximately Vis in. during the demesbtng 
operation; Adjustment k, is provided on the front of the register near the bearings of the 
peters for adjusting the spring tension, and hence the frictioa holding the maxinmm de- 
mand pointer. Moving the small screw in inczeases the frictioii holding the black pctasim 
in position of maximum demand. 


NOTE.— No one except an experienced demand meter expert ehould attempt dtitir ad- 
lustmcatsor repaira. If convinced a demand register be not working properly, tM betl thtaf 
to do le to return it to the factory for attention. 
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Fig, 4,526. — Diagram of Weatinghouae type OB, demand register, in eonatruetion, the 
fiaaring of the register consists essentially of three sets: the watt hour pointer gearing, the 
demand pointer gearing and the motor gearing. As shown, there are two wprma on the 
upper disc shaft. This is to simplify the diagram. Actually, these worms are mounted 
on the second shaft of the register. The moving element is connected to the register by 
means of a pinion and gear, in aparatfon, the upper worm U, drives the worm wheel V, 
and thus rotates the first pointer ^ft of the watt hour dial. Ihe lower worm /, advances 
the demand pointer by driving the worm wheel d, and gears and pinions E, Q, O. As In 
the OA meter the worm wheel d, shaft of this set of gearing has one bearing in a lever 
which permits the worm wheel d, to be demeshed from the worm/, thus allowing the white 
pointer to be returned to zero by gravity weight M . The maximum demand (black) pointer 
C, ia advanced by the (white) pointer D, and held by friction in the position of maximum 
deflection of the white pointer. The third or motor set of gearing, determines the length 
ofthe timeinter/al. The synchronous motor runs at 600 r.o.m. on all 60 cycle meters* This 
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Fto. 4,S27. — Etementaty diagram of Westinghouae t 3 rpe R1 kva recording watt hour dmud 
meter. The meter gives direct reading of power factor, total ku> hours, total kta hours, 
kw demand and kva demand for any interval. The power factor and reactive kva hours for 
any time interval, such as at the time of maximum demand, may be calculated from the 
chart. The kva demand record is made graphically upon a moving paper chart by a pen 
that is driven from the ball so that its rate of movement across the paper is proportkaal 
to the total kva in the metered circuit. The kw demand is obtained by means of a atop 
driven by the kw gear train. At the end of the time interval the pen is disengaged from the 
kva gears and fails back until arrested by this stop, it pauses here momentarily and then in 
reset to sero. As the paper chart is moving during this resetting period distinct vertical 
marks are made on the paper at both the kva and the kw demand points. 

Pic. 4,526.— continued. 

speed is reduced by suitable gearing to pve one revolution of the shaft 3, in the tim» in- 
terval of the register, 15 minutes or 30 minutes, etc. On the same shaft 3, but free to rotate 
about the shaft, is the worm wheel sector £, and the cam L, which are rigidly mounted oo 
the same hub. A pm on the gear h, slowly rotates the worm wheel sector E, until it readies 
the worm F, on the high speed motor shaft. Since this shaft makes 100 r.p.m. the worm 
wheel sector E. is quickly passed throi^h the worm F. As the worm wheel sector E, passes 
through the worm F, the cam L, strikes the Uvot A, which transmits the motion of tlte 
cam to lever g, thus demeshmg the worm wheel d, from the worm/, and allowing the whits 
pointer to return to aero. The period for the worm wheel sector E, to pass throiqfh the 
worm/, is selected to allow ample time for the white pointer D, to return to sero. The 
time of the demeshing operation is approximately three seconds, which is a negligible quan- 
2icy when compared to the time interval of the register. 
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Fxg. 4, 528 .-^Diagram of Westinghouse type RO piolyphase watt hour demand meter. 
migned to meet the requu-ements of central station meter service. It is a single instrument 
that recOTds both the kilowatt hours consumed and the maximum demand in kilowatts. 
It is installed as an ordinary watt hour meter and requires no additional apparatus or wiring. 
The maximum demand is indicated directly by a pointer sweeping over a four inch dial, 
the integrated load being registered on the usual four dial counter. The demand pointer 
is reset manually by pressing a button at the top of the meter cover. The meter has a defi^- 
nite time constant, yet requires no clock or contacts. The watt hour meter element is pro- 
vided with micrometer light load and full load adjustments. The demand meter element 
is provided with a micrometer zero adjustment and a spring clamp for making changes in 
length of spring. These adjustments are accessible at the top of the instrument. In opera- 
tion, when power flows through the instrument the main discs begin to rotate at a speed 
proportional to the load, driving the watt hour gear train and oscillating the escapement 
daw. The auxiliary discs tend to deflect the pointer instantly to indicate the load, but is 
prevented by the escapement claw engaging its wheel. As the claw oscillates, the teeth 
of the escapement wIimI are allowed to pass, one by one, until the tension on the spiral 
spring balances the torque developed in the auxiliary discs. The system is then in equi- 
librium, the demand pointer indicating the load, and although the main discs continue to 
rotate eo long as the load is maintained, no further deflection takes place, since tha ascape 
mant claw oseilletas fraaly baiutean the teath of tha ascapamant wheal. 


NOTE . — The mechanlam of the Westinghouse type RO polyphase watt hour < 
ineter is very similar to the ordinary clock; the auxiliary discs furnishing the power for driving 
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1. Those showing the energy consumption in definite and 
consecutive demand intervals occurring at arbitrarily chosen 
times such as 2:30 to 3.‘00 to 3:30, etc. 

The maximum demand corresponds to the greatest energy consumption 
in an interval. 

If recording on a tape or chart, the demand for any interval can be 
ascertained and also the time of day at which it occuired. 

If indicating by means of a hand and dial, only the maximum demand 
is obtainable at any subsequent time. 





■Figs. 4,529 to 4,531. — Connection diagrams for Westinghouse type OB demand legitter. Fig. 
4,529, single phase 2 wire; fig. 4,530, single phase 3 wiref fig. 4,531, two element, three phase 
3 wire self contained. 


2* Those recording on a tape or chart the number of equal 
and relatively small amounts or blocks of energy with respect 
to a separate and continuous record of time. 

The maximum demand is obtained by counting the number of such re- 
corded points occurring within the demand interval, the time of the be- 
ginning of the interval being so chosen that the interval will include the 
maximum number of points. From the record, the demand for any 


. NOTE. — Conltnued. 

the escapement like a main spring, while the rate of the movement is controlled by the motiOB 
of the main discs, which perform the function of a balance wheel. The escapement wheel 
and daw have radial teeth to prevent an interchange of energy between the main and mm- 
alary discs. It is to be observ^ that the function of the main diacs are simply to regnlats 
the rate of deflection of the auxiliary discs. They supply no power whatever except the 
ligible amcwnt required to oscillate the escapement claw. 
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Pig. 4,532.--'Westifl«l[iou8e type RA recording watt hour demand meter. M. GjMrciMon* 
under load the diac shaft D, registers watt hours on the counter through the gearing of the 
shaft assemblies 1 and 4. At the same time, the ink carrying pen P, is posittvely advanced 
through shaft assemblies 1, 2, and 3 At the end of the time interval the tripping rod. 
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interval can be obtained and the time of day at which it occurred. These 
ihstrum^ts differ from those of Class 1, in that the time of the begmning 
of the interval is not arbitrarily fixed. 

A lagged demand meter is one in which the indication of the 
maximum demand is subject to a characteristic time lag. 

Lagged demand meters are so constructed as to require a certain time 
interval for the indication to reach the point corresponding to the value 
of the load. 

There are two types. 



Figs. 4,633 and 4,534. — Chart samples for Westinghause type RA i^cording watt hour demand 
meter. Fig. 4,533, 30 minute interval; fig. 4,534, 15 minute interval. 


Fig. 4,532 . — Text Continued. 

pushing against the rod F. moves the small pivoted frame work which carries one of the 
bearings of shaft 2, and disengages the worm wheel of shaft 2, from the worm of shaft 1. 
The weight of the pen and pen arm it counter-balanced by weight B, and the adjustaMe 
weights C, are so placed as to cause the pen to immediately swing to the aero position when 
its driving gears are disengaged. When falling to the aero position, the rotation of the 
worm on abaft 2, moves the swinging sector V, against which the pin G, of the gear wheel 
eventually strikes and thus limits the backward movement of the pen. When pressure 
on rod F, is relieved , the spring E, returns the pen mechanism into mesh. The upper dock 
spring actuates the timing device. The speed of the dock is controlled in the usual man- 

ner through the escapement mechanism on which the torque is held constant by a differ- 
ential spring governor. At the proper time interval, the trip on shaft M, allows the shaft 
K. to rotate with a speed of rotation that is limited by the governor. Simultaneously, the 
reset wheel Y, is given a quarter turn, cauring a movement of the bell crank H, and a Gon« 
sequent tripping of the pen. Just before the pen begins to fall back, however, the large 
gear on the spring drum rotates a fraction of a turn and advances the paper roll. The paper 
chart uivolls from sinndle W. passes upward over the face of roll N. and roroUs on the 
driven spool X. 






2,632 


Demand Meters 


1. Those in which the speed of the indicator in moving up its scale 
under constant load, is constant, or at any load, is proporticmal to the 
load. 


2« Those in which the speed diminishes with the time of the deflection. 
The demand interval for meters of this class is ordinarily considered to 
be the time required for the instruments to indicate 90 per cent of the fidl 
value of a steady load which is thrown suddenly on it. 



Pig. 433S. — ^Pront view of Sangamo magilhum demaiid register, showing Aw. demand i 
and Aw. hour dials for a 10 ampere. 110 volt, ailigle phase meter. 


A recording or curve drawing demand meter is one which 
gites the load time curve of an installation or system. 

The demand interval may be of any specified length, and the demand 
periods may be taken as beginning at specified times of the day or may 
be timed so as to include the maximum average load occurring in any 
period of the chosen duration. Curve drawing or graphic re(x»‘ding in- 
struments are obtainable in many varieties and makes. 


The various types of demand meters in gmeral use are 
shown in the aconnpanying illustrations. 


Fios. 4,S36.~WeetiiighouBe recording demand watt hour meter diagram of connectioiia for 2 
or 3 phase, 3 wire, without transformers. 

Pros. 4,537.— Westinghouse recording demand watt hour meter diagram of comiectioos for 2 
or 3 phase, 3 wire with current and voltage transfonnexa. 
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TEST QUESTIONS 

1 . "What is a demand meter? 

2. Define the term "demand meter." 

3. What is understood by the term "stand by service"? 

4. What kind of a quantity is measured by demarui 

meters? 

5. What is the electrical element of a demand meter? 

6. Describe the construction and operation of the San- 

gamo maximum register, 
h What is the time element of a demand meter? 

8. Give classifications of demand meters. 

9. What is an integrating demand meter? 

10. Name two types of integrating meter? 

11. Describe a lagged demand meter. 

12. Name two types of lagged demand meters. 

13. What kind of a record is made by a recording or 

curve drawing demand meter? 

14. Describe the construction and operation of a curve 

drawing demand meter. 
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CHAPTER 86 

Miscellaneous Meters 


In addition to the meters already described in the preceding 
chapters, there are a few instruments which should be here 
considered; such as 



Fig. 4,538.— Single phase power factor meter of the rotating field or dJac type* 


1. Power feclor meters; 

2 . Phase indicators; 

3. S 3 mchronism indicators: 
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CURRENT TERMINALS 



Pig. 4,539 . — Flementt of rotating Hold type power factor meter illustrating principled 
operation. In construction, N and M, are two coils fixed at right angles to each other 
with their axes in the same plane. The coils are wound with large number of turns of 
fine Wire and are connected in a split phase arrangement, one coil being connected in series 
with an inductive resistor and the other in senes with a non-inductive resistor. The two 
sets are then connected in parallel across the line of the circuit to be measured . The currents 
in these two coils are almost in quadrature so. when the coil M. is active in producing a 
field in the direction AB, the current in coil N, is zero. One quarter cycle later, the curieivt 
in coil M , becomes zero and the current in coil N , is producing a field in direction DC. This 
is not a sudden jump, but a gradual decrease of current in M, and a gradual increase of 
current in N, thereby producing a steadily progressing shifting of the resultant magnetic 
axis from AB, to CD. In another quarter cycle, the current in N, is zero, but the current 
has Liuilt up in coil M, in the opposite direction, changing the axis of tlie field to direction BA. 
In another quarter cycle, the coil M, is again zero, but the current has reversed to maximum 
in coil N, producing a field in direction DC. Therefore, in every cycle, the axis of the mag« 
netic field has made one gradually changing sweep completely around the whole circlet pnK 
ducing the so-called ^‘rotating field." Inside of the two coils N and M. is placed an iron 
vane or armature, magnetized by a coil G, and pivoted so that it can rotate with its axis 
in the plane of the axes of the coils M and N. Througn this coil passes a current in phase 
with the current of the circuit to be measured. As the iron /ane will be attracted or re* 
pelled by the fields of the coils N and M. it takes up a position so that when the cutreni 
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4. Frequmqr meters; 

5. Surge indicator, or klydonograph. 


Power Factor Meters. — Metars of this class indicate the 
phase relationshin between oressure and current, and are 



Pig. 4,540.-~C(miiection diagram for General Electric power factor meter; 6 wire, 4 phaae 
dxcuita. 


FkO. 4,539^7'er/ coniinutd, 

wave repchee its maximum, the axh of the iron vane will coincide with the axis of the 
rotating field at that particular instant. Thus, if the current reach a maximum when the 
loUiting field has reached the powtion AB (when the current in coil N , is in phase with the 
current in coU M). the vane will assume a position AB. Should the current lag, however, 
and not reach a maximum until the field baa rotated to position £F, then the vane would 
assume the position £F, and, by suitably graduating the scale* will read directly the cosine 
or sine of the angle between AB and £F. 

NOTE. — In fig. 4.539, should the current lag 90^, the rotating field would have advanced 
to CD, before the current reached its maximum and the vane would assume position CD. 
The vane will assume a definite position for any phaae relation between current and voltage 
anywhere in the whole 360^ of each cycle. From the foregoing it is readily seen that 
the deflection depends on the angle between ciurent and voltage, but since each angle indica- 
tion is marked with the cosine or the sine instead of the angle, the meters read directly in 
power factor and reactive factor. Because it it impossible to have the current lag exactly 90* 
Hi a split phaae arrangement, the coils M» and N, are not exactly 90* apart. Thus i f the coils 
were plae^ exactly 90* apart, the rotatixig field would shift slower from AB, to CD. than it 
did from CD* to BA* and produce a distorted scale. Therefore* t]be ongle TOD* is 
greater than the angle DOA, producing an evenly rotating field *a^ a scale with symmetiicai 
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therefore sometimes called phase indicators. There are two 
types: 

1. Watt meter type; 2. Disc, or rotating field type. 



PlO. 4,541 .’^Elements of three phaae rotating Held type power factor meter. In the 
three phase instrument, the two voltage coils and the split phase resistor reactor, are replaced 
with 3 coils, wound with their axes, 120* apart, as here shown. By connecting in Y, anu 
coffmecting to a three phase circuit, a uniformly rotating field is produced, giving the eatne 
characteristic scale marking as the single phase circuit wave produced. The OTly difference 
between the action cf the single phaae and the three phase instruments lies in the method 
of producing the rotating held. 


Wait Meter Type . — 

In this construction, the phase relation between the pressure and the 
current fluxes is such that on a non-inductive load the torque is zero. 

For instance, in a dynamometer watt meter, the pressure circuit is made 
highly inductive and the instrument then indicates voUsXamperesXsin ^ 
instead of poHsXofnperesXcos 4>, that is to say, it will indicate the wattless 
component of the power. A dynamometer of this type is sometimes called 
an ide current watt meter. 
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Disc or Rotating Field Type . — 

A single phase power factor meter of the disc or rotating field type con- 
sists of two pressure coils, as shown in fig. 4,538, placed at right angles to 
each other, one being connected through a resistance, and the other through 
an inductance so as to **split** the phase and get the equivalent of a ro- 
tating magnetic field. 



The coils are placed about a common axis, along which is pivoted an 
iron disc or vane. The magnetizing coils FG, are in series with the load. 
If the load be very inductive, the coil M, experiences very little torque and 
the system will set itself as shown in the figure. As the load becomes less 
inductive, the torque on S, decreases and on M, increases so that the sys- 
tem takes up a particular position for every angle of lag or lead. 

Power factor meters are designed to show the power factors, lagging or 
leading, at v^hich various lines are operating. These instruments are 
adapted for balanced systems only 

In connecting, if it be found by trial that the needle swings to the wrong 
side of the scale with leading or lagging current, the potential leads to the 
Itoe from the resistor should be interchanged at some point between the 
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JfiG. 4,543. — ^Diagiam of tingle phase rotating field type power factor meter showing operation 
In this meter the spiral control spnng is omitted, and electro-magnetic control provided.lNvo 
moving coils are used , rigidly fastened with their axes at right angles to each other. Coil M, 
is in series with a non-inductive resistor and the coil M', is in series with an inductive reactor. 
Consequently, the current in M, is in phase with the voltage while the current in M', lags 
almost 90° behind it. The stationary c^s carry a current proportional to, and in phase with 
the current of the load being measured. At 100% power factor, the current in S S', and M, 
are in phase; therefore, their axes tend to coincide. The current in M', is almost 90° out of 
phase, consequently there is practically no reaction or attempt to align axes between M'aod 
S S'. However, should the current in S S', lag 90° it would be in phase with the current in 
M', and out of phase with the current in M. Then the coil M', would have the greatest 
tendency to align its axis with that of S S', and as the coil M , now has no such tendei^, the 
result would be a movement of the pointer, attempting to bring about such alignment of asst. 
If the current should only lag 45°, then both coils would make equal efforts to align their 
with the axiaof coilsS S', but since they cannot both attain their object, aikl atoce they are 
both rigidly connected, they take a resultant position which would be marked 70% power 
/actor on the dial. For any degree of lag or lead of current, the two coils strikea resultant. 
depmcUng on the phase angle between the main current in coils S S', and the current in the 
coils M and M'. It will be seen that, since there is no control spring, and since the position 
assumed dependaon the phase angle between the current and voltage (cunenU in M and M'} 
and not on their magnitude, the positions could be marked in degrees of phase difference. 
Instead of this, however, each position is marked with the cosine of the angle of phase 
clifference and consequently reads directly in power factor. It may be said that the instra- 
snent responds to the angle, but indicates the cosine. 

NOTE . — In actual practice, it is very rare to meet or measure power factors below 40%, 
so l^t the instrument is arranged to omit all power factors below 40% lag and below 60% 
lead thus making a symmetrical 90° scale containing all the practical working vbIiim met in 
actttpl eervke. The single phase instrument is slightly affected by large variatkxia from the 
normal firequency. 
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resistor and the line, or between the resistor and the sectMidaries of the 
potential transformers, as conditions may require. 

One method of checking the connections of a 3 wire, 3 phase power foctor 
indicator in order to determine whether the current be leading or lagging 
the voltage of the circuit is to short circuit the current terminals of the 
power factor meters by means of a piece of wire. If the pointer move 
toward lag, then the connections are correct. This is true whether the 
instrument be indicating either a leading or a lagging power factor. 



Fiq. 4,544.*^Diasram of three phase rotating held type powrr factor meter. The moving ooUa 
are coimected in series witn separate non-inductive resistors to two phases of a three phase 
circuit. The current is taken from the third phase . Conse luently at 100% power factor, the 
current in one voltage coil leads the main current by 30*^ and in the other phase, it lags 30*. 
At 100% power factor, there is equal effort of coils to align « heir axes and the resultant posi- 
tion is that shown. Should the current now lead or lag » one ur the other coil will have greater 
alig ning effort, consequently changing the position of the moving element and assuming a 
definite position fm* each change of the phase angle or power factor, As in the single phase, 
the sctde is marked in cosines, so that it reads the power factor direct. It covers a range of 
from 40% lag to €0% lead. As the 3 phase instruments contain viO inductive circuits, they 
may be used on circuits of any frequency. Power factor meters attair their higtot accuracy 
when the current is from 2 to 5 amperes and the voltage from 75 to '25 volts. The three 
ptose instruments having only one current coil, do not record the aver^tge power foctor of aa 
unbahmoed three phase circuit. They are designed for balanced circuacs such as rotary con* 
verter or polyphase motor circuits. 
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Phase Indicators. — This type of instrument is intended for 
phasing out” particularly in making relay connections or other 
connections where a current of a specific phase should be s e l ec te d 
in r^[ard to a particular voltage connection. 



Flo. 4,545.-»Westm8:hou8e portable phaae indicator. 

The phase indicator makes it possible to dete rmine e xact 
phase relations and avoid incorrect connections which may f a ^i se 
costly failures of service. 

In making any connection where a current of a particular phase should 
be selected in regard to a certain potential connection, the phase indicator 
is of value. The portable phase indicator, as shown in fig. 4,545, is a 
moving vane type instrument similar in operation and construction to a 
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power factor meter but having a uniform circular scale marked off in 360 
electrical degrees. 

It operates on the principle that a suitably pivoted iron vane, 
when placed in a rotating field and magnetized by alternating cur- 
rents, will assume a position depending on the phase difference 
between the current magnetizing the vane, and the voltage producing 
the rotating field. 


CURRENT voltage. 



Fto. 4.546. — Diagram of Westinghouae portable phase indicator. 

The rotating field is produced by a split phase winding connected to 
the voltage circuit. In this field is a movable iron vane magnetized by a 
stationary coil which is part of the current circuit. The iron vane, to 
which the pointer is attached, is acted upon by the rotating field, and the 
vane will take up a position so that when the current reaches its maximum, 
the axis of the iron vane will coincide with the axis of the rotating fidd 
at that particular instant. 

The vane will assume a definite position for any phase relation between 
current and voltage. When used to determine the phase angle between 
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the cuntnt and voltage in, say, a power directional relay, the method is 
obvious and the results are easy to interpret. 

The only difficulty likely to be encountered is when one of the vectors 
may be reversed 180®. In order to check this condition, it is well to ex- 
amine the operation of the relay itself. 

Synchronism Indicators. — ^These devices, sometimes called 
synchroscopes, or synchronizers indicate the exact difference in 



Fk, 4,547.— Gcsenl Electric eyacIniODisiii Indicator abowing lelatka batwaen the motor and 
the pointer. 



Puss. 4,548 and 4,b49.— SyxKdsroniang receptacle and phig* 

phase angle at every instant, and the difference in frequency, 
between an incoming machine and the system to whi^ it is 
to be connected, so that the coupling switch can be closed at 
the proper instant. 
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There are several types of synchronizer, such as 

1. Lamp or volt meter; 

2. Resonance or vibrating reed; 

3. Rotating field. 


Lamp or Volt Meter 



Fks. 4,S50.--Gciieral Electric Bynchrootam indicator 
with ^ver dial and pointer removed. 


Type. 

The simplest arran£:ement con- 
sists of a lamp or preferably a 
volt meter connected across one 
pole of a two pole switch con- 
necting the incoming machine 
to the busbars, the other pole 
of the switch being already 
closed. 

If the machines be out of step, 
the lamps will fluctuate in 
brightness, or the volt metei 
pointer will oscillate, the pul- 
sation becoming less and less 
as the incoming machine ap- 
proaches synchronous speed. 
Synchronism is shown by the 
lamp remaining out, or the volt 
meter at zero. 


Resonance or Vibrating Reed Type . — 

This type operates on the same principle as the resonance type of fre% 
quency indicator, later described. 


Rotating Field Type . — 

The,operation of the rotating field type depends on the production of a 
rotating field by the currents of the metered circuits in angularly placed 
coih, one for each phase in the case of a polyphase indicator. In this field 
is provided a movable iron vane or armature, magnetized by a stationary 
coil whose current is in phase with the voltage of one phase of tte drcuit. 
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Back View 



To Corre5pondinq Phases of Machines 
or Buses bcinq ^gnehronized 


Fig. 4,551. — Connections of General Electric Eynchronkm in- 
dicator with potential transformer, secemdaries grounded. 


As the inm vane 
is attracted or re- 
pelled by the lotat* 
ing Md, it takes 
up a position where 
the zero of the ro- 
tating field occurs 
at the same instant 
as the zero of its 
own held. In the 
single phase meter 
the positions of 
voltage and current 
coils are inter- 
changed and the ro- 
tating held is pro- 
duced by means of 
a split phase wind- 
ing, connected to 
the voltage circuit. 


The method is 
that of the split 
phase bipolar syn- 
chronous rhotor 
with separate alter- 
nating current ex- 
citation. 


NOTE . — Thm principle of operation of the rotating field type, synchronism indicator te 
the same as that of the power factor meter, accordingly a detailed description of how they 
measure phase migle differences would only be a repetition of that section. The only difference 
lies in the winding of the internal coil which magnetizes the iron vane. This is wound with a 
targe number of turns of fine wire . and is omnected in series with a resistor, directly across the 
voltage of the machine being synchronized. The lower terminals are connected to the busbar, 
and consequently, the mastic axes of the rotating field rotate in synchronism with the but 
bar, while the magnetism in the iron vene it in phase with the voltage of the msfhiae being 
aynchronized fincoming machine). 
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Phase displacement is accomplished by a reactor and a resistor both 
mounted externally. 

The motor field is energized by a single phase current from one of the 
machines to be synchronized (the running machine) and its armature 
from the other (the starting machine). 

Since the armature coils are nearly perpendicular to each other and 
as one is connected to the reactor and one to the resistor, a rotating 
field is generated in the armature with the alternating of the current in 
the stationary field. 



ITio. 4,552. — Diagram of Weston induction type frequency meter connections. The coils are 
connected in series across the line, with a reactor in series with one and a resistor in series 
with the other. A resistor is connected in parallel with one coil and the reactor, and a re- 
actor is connected in parallel with the other coil and the resistor; then the whole combination 
is connected in senes with a reactor, the purpose of which is to damp out the higher har- 
monics. The circuits, as shown, form a Wheatstone bridge, which is balanced at normal 
frequency. An increase in frequency will increase the reactance of the reactors and thus 
upset the balance of the bridge, allowing more current through one coil and less through 
the other. 

The armature tends to assume a position where the field set up in the 
armature coincides with the alternating field in the stator when the latter 
passes through its maximum intensity. The armature and the pointer 
attached to the armature shaft will therefore move forward or backward 
at a speed corresponding to the difference in the frequency of the two 
machines. 

When the machines are running at the same frequency (the same speed 
if both machines have the same number of poles) the pointer will be^me 
stationary, and its oosition when stationary will depend upon the phase 
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rdation existing between the two machines . Coincidence in phase is ^own 
when the pointer remains stationary in the vertical position at the marked 
point at the top of the dial. Tlie machine should be “ttuown in” when 
this position is indicated. A complete revolution of the pointer indicates 
a gain or loss of one ’cycle in the starting machine. 

frequency Meters. — frequency meter or indicator is an 



Pic. 4.553. — Interior view of Frahm vibrating reed frequency meter. Frequency indkatioa it 
obtained from the vibration of certain units in a row of tun^ steel reeds, visiMe tlnrough an 
obloi^ opening in the scale plate of the instrument. The principle underlying the construc- 
tion is that of resonance, subjected to rhythmic impulses of the same frequency as the 
natural period of vibration of the body itself. Thm partm are: A, armature of the electro- 
magnet M; B, bridge piece on which are mounted the reeds R, armature A, also is mounted 
jn B; D, amplitude adjusting screw by which the air gap between A and M, is set; G, prt>- 
ective aeries resistanse for M; M, electro-magnet; R, tuned reeds, each one of whitdi is ad- 
usted to respond by resonance to a given mechanical vibration set up in B, through A, by the 
iltemating current in M . In eonetruction, a number of reeds R, each about H In. wide, 
onsisting of special spring steel, carefully tempered and nickel plated, are screw^ in a row 
o a bridge piece B, to which is attached the armature A, of a small electro-magnet M» 
jiounted dose to it. When the instrument is connected across the circuit the frequency of 
which is to be measured, the current, after passing through a series resistanoe G, exdtes the 
etectio-magnet which thus imparts to the armature A, one impulse for each cycle of cariant 
If the core of the electro-magnet is a permanent magnet, and two impultea for each cydb of 
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instrument used /or determining the frequency, or number of cycles 
per second of an alternating current. 

There are several forms of frequency indicator, whose prin- 
ciple of operation differs, and according to whidi, they may 
be classed as 

1. Synchronous motor t 3 q)e; 

2. Resonance type; 

3. Induction tjrpe. 



Figs. 4,554 and 4,555. — Side and end views of Frahm resonance type frequency meter reed 
Owing to the principle emoloyed in the meter it is evident that the indicatimis are ind 
pendent of the voltage, change ot wave form, and external magnetic fields. 


Synchronous Motor Type . — 

In this type a small synchronous motor is connected in the circuit of 
the current whose frequency is to be measured. After determining the 


Fig. 4,553 . — Text Continued. 

current if the core of the electro-magnet is of soft iron. The vibration of the armature A, is 
transmitted to the re^a R, and just as one tuning fork will respond to another having the 
same period of vibration, so will that reed which is in tune with the frequency of \ibrati^ of 
the armature, at once respond vigorously. The scale at the point opposite this reed is 
marked with the number of cycles per second of the alternating current, and hence tlm fre- 
quency is clearly indicated. In order to give a clear indication, the reeds have a small portion 
of their upper ends bent over at right angles and enamelled white, so aa to make them oon- 
•picuotts against the black interior of the instrument. 



2,650 


Miscellaneous Meters 


M 88 60 62 M 
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READING- 60.0 

66 68 60 62 64 



READING -60.1 

66 68 60 62 64 





READING- 60.26 

Pta6. 4,556 to 4,558. — ^How to read a Frahm frequency meter. Vibration besins at About 2% 
balow the exact value to which the reed ia tuned, reaches its maximum at the exact value and 
extends to about 2% above that value. Therefore more than one reed usually ie in motiOB 
and from the respective lengths of the banks formed by the vibrating reeds across the sci^ 
opening the exact value of the frequency may be estimated down to one>fourth of the interval 
between successive reeds. On the upper scale the reading is very evidently 60. On the lower 
s^e, the reeds indicating 60 and 60.5 are vibrating equally, so that the reading is 4a(f way 
between these two values, thati860.25. Referring to the middle scale, it will be seen that the 
reed indicating 60 is vibrating more than any other, so that the reading is therefore nearer 
to 60 than to any other ecale division. Furthermore, the reed indicating 60.S it in next 
greatest vibration, so that the reading is again between GO and 60.5. However, the retd 
indicating 60 ia vibrating with an amplitude about three times that of the reed imUcatbig 
60.5, so the reading is now one-quarter way from GO towaid 60.5 instead of one-half anqr. 
That is, the reading is 60H or approximately 60.1. 
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revolutions per minute by using a revolution counter, the hequency is 
easily calculated as follows: 

frt^iency ™ (repolutions per aeeondXntmber of poUs)^2, 

Resonance Type . — 

In construction the resonance tyi^ consists of a pmdtdum, or rses, of 
efeen length, which responds to periodic forces hoeing the same natural period 
as itHlf. 



The instrument comprises a number of reeds of different lengths, mounted 
in a row, and all simultaneously subjected to the oscillati^ attraction 
of an electro-magnet exdted by the supply current that is being measured. 
The reed, which has the same natu^ time period as the current, will 
vibrate, while the others will remain practically at rest. 

The construction and operation of the instrument may be better under- 
stood freon figs. 4,554 and 4,555, which illustrate the indicating pext of 
tile Frahm meter. This consists of one or more rows of tuned reeds rigidly 
mounted aide by side cn a common and slightly ffexible base. 
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The reeds are made ot spring steel, 3 or 7 mm, wide, with a small por- 
tion of their free ends bent over at right angles as shown in fig. 4,555 
and enameled white so that when viewed end on they will be easily visible. 
The reeds are of adjustable length, and are weighted at the end. 

A piece of soft iron, rigidly fastened on the base plate which supports 
the reeds, forms the armature of a magnet. 

When the magnet is excited by alternating current, or interrupted 
direct current, the armature is set in vibration, and that gives a slight 
movement to the base plate at right angles to its axis, thereby affecting 



Fig. 4,560. — Langsdorf and Gegole frequency meter. The operation of this meter is based 
oa the fact that if an alternating pressure of E volts be impressed on a condenser of ca- 
pacity C, in farads, the current in amperes will be equal to air^^^EC, provided the pressure 
be constant. In conatrueiion, the scale is mounted on the same axis as the pressure coil, 
across the mains so as to render the instrument independent of variation of voltage. For a 
discussion ol this meter, see Electrical Review, vol. LVIII, page 114. 


all the reeds, especially those which are almost in tune with its vibrations. 

The reed which is in tune will vibrate through an arc of considerable 
amplitude, and so indicate the frequency of the exciting current. 

The resonance type is used for laboratory work. 

Induction Type . — 

This form of frequency meter consists of two volt nwter okclro-mapmU 
oeting in opposition on a disc attached to the pointer shaft. 

One of the magnets is in series with an inductance, and the other with 
a resistance, so that any change in the frequency will unbalance the forces 
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acting on the shaft and cause the pointer to assume a new portion, when 
the fc^-ces are again balanced. 

The aluminum disc is so arranged that when the shaft turns in one di- 
rection the torque of the magnet tending to rotate it decreases, while the 
torque of the other magnet increases. The pointer therefore comes to rest 
when the torques of the two magnets are equal, the pointer indicating 
the frequency on the scale. 

An object of the aluminum disc is to damp the oscillations of the pointer. 

Surge Indicator or Klydonograph. — ^There is plenty of evidence 



Fio. 4,561 of induction type frequency meter illustrating prindpla of epenr 

tkm. The actuating force consists of two induction volt meter elenents, A and B. These act 
on a disc G, and tend to move the disc and the pointer shaft in oppowte directions. One of 
the elements is in series with a resistor H, and the other is in series with a reactor I. so that 
any change in the frequency tends to change the relative strength of the two elements and 
cause rotation. The disc is so shaped that as it moves, the amount of its metal under the 
stronger element becomes leas than that under the weaker element , so that with every relatkai 
between the two electro-magnet strengths there is some point where the torques produced hf 
the twoelemsnts balance and the pointer comes to rest. 
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that surges of considerable magnitude appear on extensive 
transmission systems and it is imdoubtedly desirable that de> 
tailed information concerning them be obtained. 

From what data are available it is rather evident that many 
surges of very high value exist which have an extremely shcnt 
duration. Practically all data concerning these surges have 
been obtained by the use of spark gaps in some form ot other. 
It has been assumed that a sphere spark gap can be made to 


Source Resisior-Reacior Source Resistor -Reactor 



Figs. 4,562 and 4,563. — Connections for Ger^ral Electric resistor reactor frequency meter, 
and for resonant circuit type frequency meter. A rheostat is placed on one side of the re- 
sistance box of the resistor reactor type meter. This rheostat is used to adjust the instrumeilt 
Ux the characteristics of the circuit to which it is connected. When first installed, the 
arms on the si -^e of the box should be moved until the needle of the instrument indicates the 
frequency as determined by a stop watch and speed counter. Screws are provided to pre- 
vent accidental movement of the arms, after this adjustment has once been made. When 
the two arms are farthest apart, the resistance is cut out; bringing them together puts re- 
sistance in the circuit, the amount of which varies with the position of the arms. No change 
of the rheostat will be necessary after the adjustment has once been made, as the accumejr 
is not affected by variation of the load in a given machine. 

have practically zero time lag of break down and it has been 
used as a stanc^rd in determining the duration of these surges. 

A sphere spark gap has a considerable time lag where the Voltage in 
excess of its flashover value is comparatively small. 

The object in the development of the surge indicator is to provide some 
means that will record voltages, whether of extremely short duration or 
not, and to produce a graphic record of detailed informatiem oonceming 
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the surges^ such as polarity, magnitude, steepness of application, etc. 
This instrument is based on an old principle that was first observed in 
1777 by Dr. Lichtenburg and makes use of figures known as Lichtenburg 
figures. Dr. Lichtenburg found that on discharging a condenser such as a 
Leyden jar across a spark gap onto a terminal in contact with an insidating 
plate placed between this terminal and a ground plate, and then sprinkling 
powder on the plate, the powder would arrange itself in the form of a 
figure of a very peculiar appearance. 

By using powders of different colors beautiful figures could be pro- 
duct, the figure produced by a positive charge being entirely different 
from that produced by a negative charge. 
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Fig. 4,SS4,-»fileiiients of the klydonograph or surge indicator. 

In 1888 J. Brown and E. Trowvelot found that on rej^cing the in- 
sulating plate witn a sensitized photographic plate, the emulsion being in 
contact with the terminal, and developing the plate, figures very similar 
to those produced by Lichtenburg were found. Since Dr. Lichtenburg's 
time the Lichtenburg figures have been studied by many investigators. 
The most recent study was a very complete exposition of these figures 
given by P. O. Pederson. 

Apparently very little is known about the actual cause of the Lichten- 
burg figure on photographic plates, although many investigators have at- 
tempted an explanation of this phenomenon. The elements of a surge 
indicator in its simplest form are shown in fig. 4,564. The photograpliije 
ebite, of course, must be placed in a dark box. 
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Cte. 4,568. — ^Type of klydooograi^ med to record Uie sursee shown in the aooompenying 
ffiiistrations. 
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If a voltage be impressed between the terminal and ground plate, as 
at E, on developing the photographic plate figures will appear that will 
give pertinent information concerning the nature of the voltage impressed. 
If the voltage be in the form of a surge, that is, uni-directional, dther with 
a sheer front as indicated in fig. 4,5^, or tapered front, as in fig. 4,5% 
the figure on the photographic plate w^ differentiate between the tapered 
front and the abrupt front, and it will also indicate whether the surge was 
of positive or of negative polarity. 
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FltOS. 4,569 to 4,577. — ^Klydonograph recordB of various surges. No. 3, positive surge with 
an abrupt frpnt; No. 4, negative surge with a steep front; No. 5. a surge of a wave sinihw 
to fig. 4,566, with a 5 microsecond front; No. 6, negative surge with a 5 microsecond froK ; 
No. 7, positive surge with a 200 microsecond front; No. 8, negative surge with a 200 mkiw- 
secoQid front; No, 9, 60 cycle alternating voltage; No. 10, positive surge above the worhiag; 
fangs of the inatrument; No. 11, negative surge occurring above the working range of the 
Inahwment 
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kgjBm, if the stirge be alternating, as in fig. 4,567, the figure will dif«* 
ferentiate between it and the uni-directional surges. A wave with a 5 
microsecond front requires five miliionths of a second for the voltage to 
rise to its full value. Expressed in terms of a traveling wave on a trans- 
mission line, this 5 microsecond front would represent a taper extending 
over one mile of transmission line. 

A wave with a 40 microsecond front would correspond to a taper of 40 
miles of a transmission line. In case the voltages are higher than those 
represented by figs. 4,576 and 4,577 a spark will occur and fog the plate. 




Pic. 4,578. — Network used to produce lurfee in the laboratory. 



It is interesting to note that the positive and negative surges maintain a 
ded$ied difference in appearance right up to the point where a spark 
occurs. Fig. 4,568 shows the klydonograph that was used in obtaining 
all of the figures shown and is a convenient form for certain kinds of lab* 
oratory work. It is not suitable, however, for graphic work. 

Figs. 4,578 and 4,579 show network used in the laboratory and typical 
surge produced by it. The diameters of the figures give a measure of the 
magnitude of the surges. The positive and negative figures have differed 
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calibrations, the figure for positive surge being considerably largo- than 
that for the negative surge of the same magnitude. 

Ground Detectors. — Instruments of this name are used for 
detecting (and scnnetimes measuring) the leakage to earth or 



flQt. 4,SM and 4.581 .'^Eiperimental recording type of klydooograph. 


the insulation of a line or network and are sometimes called 
ground or earth indicators, or leakage detectors. 


For systems not permanently earthed anywhere, these instruments are 
xvearly all based on a measurement of the pressure difference between each 
pole and earth, two measurements being required for two wire systems, 
and three for three wire, whether direct current single phase, or polyphase 
alternating current. In the case of direct current systems, the in- 
sulation, both of the network and of the individual lines, can be calculated 
from the readings, but tcith alternating current, the disturbance due 
to capacity effect is usually too great. In any case, however, the main 
showing the smallest pressure difference to earth must be taken as being 
the worst insulated. 

For low tension systems moving coil (for alternating current) or motfing 
iron instruments (Jor direct currerJ'^ are the most used, while for high 
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tension systems electrostatic volt meters are to be preferred. On aya- 
tems having some point permanently earthed at the station, as for 
instance the neutral wire of a direct current system, or the neutr^ point 
of a three phase system, an ammeter connected in the earth wire will serve 
as a rough guide. It should indicate no current so long as the insulation 
is in a satisfactory state, but on the occurrence of an earth it will at once 
show a deflection. The indications are, however, often misleading and 
serve more as a warning than anything else. 



Pigs. 4,582 and 4,583 . — Elementw of elmetroBtattc type of volt meter and einple phaee 
ground detector illustrating principle of operation . These instruments depend for their oper- 
ation on the attraction between a statically charged stationary vane and an oppositely 
charged , and suitably pivoted moving vane. In Jie static volt meter fig. 4 ,582, the stationary 
vane A , is charged with the polarity of line B, through the condenser C, while the movable 
vane D (pivoted at E,) , is charged with the polarity of line B', through the randenser C'. The 
vane A, is so shaped and spaced from the vane D, that when it is charged, it tends to attract 
the vane D, to the extreme right hand side. This attraction is opposed both by the cownter 
weight F , and a weak spiral control spring. Therefore , its deflection becomesa measure of the 
voltage applied to the condensers C and C', and is indicated on a suitably graduated scale. 
In the single phase ground detector, two stationary vanes are used, both acting on orc moving 
vane, so that in case of thoroughly insulated lines, there is no deflection. Referring to fig. 
4,583 , the stationary vanes are represented by A and A', connected through condensers C and 
C\ to lines B and B'. Assuming the charges on A and A', to be equal, the pointer indicates 
aero. 1 f a ground occur on line B, the charge on A, is weakened , thus permitting the charge 
on A\ to draw the moving element more within its influence against the action of the counter 
weight F, and the controlling spring. The deflection depends upon the extent of the ground 
on B. The pointer always indicates away from the grounded lias. 
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4,584. — ^Elements of three phase electrostatic ground detector. In this three i^hase ivstm- 
ment the moving vane is a spheroid, or part of a spherical shell, and is mounted on a nni- 
versal joint, having a vertical and horixontal shaft, permitting t^ element to deflect in suay 
direction. Each shaft has a spiral control spring which holds the vane normally in center 
position. A suitable counter- weight balances the weight of the vane. There are three sta* 
tionary vanes provided, each connected to its respective phase by means of a suitable con- 
denser. There is no scale marked on the three phase instrument, but grounds show up by 
indicating various positions marked on the glass. A. A', and K* represent the three sta- 
tionary vanes connected to the three phase lines, B, B' and through condensers C, C 
Theniovable vane D, is permanently grounded. Assuming no grounds on the lines, 
the charges A. hf and A", attract the vane D, equally, and consequently it stays in the 
center, its position being indicated by a black dot in the center of the vane, which is visible 
tlmmgh the circle paint^ on the glass. If a ground occur on line B, the static charge on the 
vane A. is weakened, and as vanes A' and A" pull equally, the vane is deflected midway under 
vgnes A* and A*'. Likewise, grounds on eitter of the other lines will cause a deflection away 
item the grounded lines. Two grounded lines, which should cause deflection toward the 
ungrounded line, if great enough to cause deflection will generally be manifested by eaoemive 
current and damage at the points of ground. 

NOTE . — Thm adviaabilitif of using a ground detector depends to a large extent on the oper- 
ating conditions of the circuit. In systems where the voltage is high and there is large electr. 
static capacity^ as is the case in conduit distributing systems in large cities, or. in genera 
where there is large electrostatic charging current, a partial ground has the same effect as a 
violent short circuit and causes sufficient destructive effect to transmit the trouble to other 
conductors. In some large overhead distributing systems, the total leakage unoer normal 
operating conditions, especially in wet weather, is sufficient to indicate grounds. It is obvious 
that in all such cases nothing is gained by installing a ground detector. As a rule, on any system 
in which one conductor might become grounded without this fact being made evident by the 
tripping of circuit breakers or a similar result, the use of ground detectors is recommended. If 
the conditions be such that a grotmd on one conductor immediately manifests itself in some 
positive manner without reference to the ground detector, such an instrument is superfluous. 
This practically limits the application of ground detectors to overhead lines which do not have 
a grounded neutral and to comparatively small underground systems. 
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NOTE.— *On high f«iufon etrcuif no other thin the electroeutic type of gfound detoetor 
ii practicable where indicatkme which are at all eenaitive are required. To connect other typm 
of Inatrumentato the primary in eerie* with their necessary resistances would consomeanoaoea* 
stao amount of energy and inroduce dangerous conditions at the switchboard, while frouad 
detectiag vott metera connected to the secondaries of transformers are not at all asnsltiva. Tbs 
electrostatic ground detectors are connected to the circuit through co n d en se r *, and are tmth 
sensitive and economical. 
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Meter Connections 

In the preceding chapters, the fundamental construction 
principles of meters most commonly employed in power meas- 
urements have been fully treated. The type of meters usually 
employed for measurement of voltage, current and powo: are: 

1. The voltmeter: 

2. The ammeter; 

3. The wattmeter; 

4. The power factor indicator. 


Meters employed for measurement of power are the watt- 
meter, and that for power factor, the power factor meter or 
indicator as it is usually termed. 

It is the piupose of this chapter to illustrate the general 
imndples of coimections as applied to the aforementioned 
meters. 

In connection of meters the relative location of the elements 
in the meter and the connection of the phase wires may differ 
from that shown in the diagrams, depending upon the con- 
veation and tlie type of meter used. Also, when any question 
arises on the use of a specific meter or instrument, it is recom- 
mended that the information be obtained from the manufec- 
turer. Any request for information on instruments should be 
0 (»nidete with all the information shown on the instrument 
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nameplate, that is, its rating, serial number, when the instru- 
ment was purchased, and a description of the special conditions 
under which the instrument is used. 


DeHnitiona.—The terms meter and instrument are used alternately to 
designate a certain device such as an ammeter, voltmeter, wattmeter, etc. 
By definition, an instrument is a device for measuring the present value of 
a quantity under observation. An instrument may be an indicating 
instrument or a recording instrument. 

The term “instrument” is used in two different senses; {a) instrument 
proper and (6) to include not only the instrument proper, but in addition, 
any necessary auxiliary device such as shunts, shunt leads, resistors, 
reactors, capacitors or instrument transformers. 

The term meter is also used in a general sense to designate any type of 
measuring device including all types of electric measuring instruments. 


Ammeter Connections. — An ammeter should always be con- 
nected in series with the load— never across it. When an 
ammeter is connected to a current transformer, the current 
transformer secondary should be grounded. 

Make certain that the meter is of sufficient capacity to 
measure the current flowing through the wire or conductor 
whose current it is desired to measure. Check the current 
transformer ratio, and the shunt resistance to be used in each 
instance, with the scale range of the meter to insure a suitable 
pointer deflection before the current is sent through it. 

When it is desired to use a direct current instrument to 
measure the current flowing in an alternating current circuit, 
a rectifier must be used. 

Whenever a shunt is used with a milli-voltmeter to read 
current, always check to make certain the leads with which the 
instrument was calibrated are being used. 





Fzo. 4587-2. — Typical ammeter connection for a.c, measurement 'when used with current 
transformer. 





Ffo, 4587-4. — 'Typical connection oi d.c. milli-voltmeter and shunt when uaed for i 

ot current. Shunts are frequently uaed with mUli-voUroeters for measuramenti of laifi 
currents. If the instrument reads backwards, reverse the instrument leads. 
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Fw. 4587-5.— Typical dx, ammeter connections when used with shunt. 


Voltmeter Connections. — A voltmeter should always be con- 
nected across the load — never in series with it. When a volt- 
meter is connected to a potential transformer, the potential 
transformer secondary should be grounded. 

To extend the range of a voltmeter, a multiplier may be 
used. If a higher rated voltmeter is not available, use a 
potential transformer. 

When external resistance multipliers are used, check both 
the serial number of the instrument and that of the multiplier 
to make certain of the correct combination. 

When a potential transformer is to be used, always make 
sure that the instrument is connected to the secondly or low 
voltage side. Make certain that the voltmeter leads are 
properly insulated for the voltage that is to be measured. 
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VOLTMETER MULTIPLIER 

Fig. 4587-8. — Typical voltmeter connection when used with multiplier. 



Fxa. 4587-9. — ^Typical ccmnection diagram of voltmeter and ammeter in a single phase drcuit.. 
When the instruments are connected as shown, the voltmeter measures Um walUtge, not toed 
ooUagt, The ammeter measures toad current only. 
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YoU and Ammeter Connections. — Since in a unidirectional 
current, power is the product of voltage and current, the 
power taken by a certain load may be obtained by connecting 
the meters as shown in figs. 4,587-9 and 4,587-10. 

Wattmeter Connections. — Instead of using two separate 
instruments, however, to measure the power consumed by the 
load, it is customary to use a single instrument called a wati- 
meter. Wattmeters are provided with scales, usually gradu- 
ated in watts or kilowatts. 

\ wattmeter is an instrument containing within itself two 
elements, one having an ammeter part of low resistance to 
measure the current and a voltmeter part of high resistance for 
measurement of the voltage. 

The indicator shows the product of the volts times the 
amperes, that is, the watts. 

A wattmeter, therefore, usually has four termintds, two for 
the ammeter leads and two for the voltmeter leads. The 
utmost care must, however, be exercised to use the proper 
terminals, as an error in this respect may ruin a very valuable 
instrument. 

Figs. 4,587-11 to 4,587-23 show the methods of connections 
under various conditions of service. When the wattmeter is 
used with both voltmeter and ammeter, the ammeter terminals 
are connected in series with the load whose power it is desired 
to measure, whereas, the voltmeter terminals are connected 
across the load. 

Potential transformers are recommended on circuits having a potential 
above 300 volts. On circuits of 750 volts and above, potential and cur- 
rent transformers should be used. 

When a wattmeter is used with current and potential transformen, the 
transformers secondary should always be grounded. 
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Pio. 4587-10. — ^Typical connection diagram of voltmeter and ammeter in a single phase drcuSlX. 
When the instnimenls are connected as shown, the voltmeter measures had poUage, not lino 
wottago. The ammeter measures load current plus voltmeter current. 



4567-11.— Typical wattmeter connection in a single phase drcntt. When connected as 
Mho w n , the hastnunent is measuring power load plus hoses in its own cmromt toil efrcusT. If 
the iaatnunent reads backwards, reverse the current leads. 





2,672 


Miscellaneous Meters 


LINE 



M 

LOAD 


Fio. 4587-12. — ^Typical watt- 
meter amnection in a single 
phase circuit. When con- 
nected as shown, the instru- 
ment is measuring power load 
plus losses in its own potential 
circuit If the instrument 
reads l)ack wards, reverse the 
current leads. 



Tzg . 3587-13. — Typical wattmet,tT connection in a single phase circuit, when used with potential 
multiplier. When connected as shown the instrument is measuring power load plus losses in 
its own potential and ntuUiplter circuit. 
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Fio. 4587-14. — ^Typical wattmeter connections in a single phase circuit, when used with 
potential and current transformer. 



Fio. 4,587-15. — ^Typical wattmeter and voltmeter connections in a single phase drctdt. Wlien 
connected as shown the wattmeter measures power load plus losses in the r^Umeter and watt- 
meter potential circuits. 
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Fia. 4,587-16. — ^Typical voltmeter and wattmeter connections in a single phase cucoit. >¥1101 
connected as shown, the wattmeter measiires power load plus losses in its own current eoit 
eircuil. 



Rq. 4,5^-17.— TVpical wattmeter, voltmeter and ammeter connections in a single phase cfav 
oitt^n a combination of this type the power factor of the circuit may easily be 
^ wattmeter reading by the pixxltict of the voltmeter and ammeter 
readings. When connected as shown, the wattmeter measures power l^ plus horn im ikg 
omifuder ond wattmeter current-coil circuit. 
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Fio. 4.587-18. — ^Typical wattmeter, voltmeter and ammeter connections in a single pluae 
drcuit In a meter combination of this type, the power factor of the drcuit may easily be 
deteniiined by dividing the wattmeter reading by the product of the voltmeter and ammeCer 
readings. When connected as shown the wattmeter measures the sum of the power losses of 
the loodt the potential circuit of the wtUtmeter and the eoUmeter. 


NEUTRAL 



4,587-19. — ^Typical connection diagram of a single wattmeter in a balanced three-phase, 
four-wire cffcuit. While only the wattmeter connections are shown, the voltmeter and 
ammeter may be connected as illustrated in the two preceding diagrams. When connected 
at tiiown, the power of the system is three times the indication of the single wattmeter. 
wattmeter indicates its oum potential losses plus the power in one phase of the had. 
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Fig. 4,587-20. — Typical connection diagram of two wattmeters connected for three*pha80 
balanced or unbalanced voltages or load. When connected as shown, the two wattmeters 
will not indicate alike even if the load is balanced. Thus, for example, above 50% power 
factor, the three-phase pcrwer is the sum of the two readings Below 50% power factor, it 
is necessary to reverse the reading of one wattmeter (by reversing its current leads) and then 
take the difference between the readings of the two instruments. 

NE:_y_TRAL ___ 


LINE 


WATTMETER 






LOAD 


Fio. 4,687-21 .—Typical wiring diagram showing two wattmeters connected for tWD-phaie, 
tbree-wire balanced or unbalanced load. 
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Flo. 4,567-22. — Typical wiring diagram showing connection of a polyphase wattmeter in a two- 
I^iaae, three-wire circuit, balanced or unbalanced voltage or load. 





LOAD 


Fig. 4,587-23. — Typical wiring 
diagram showing connection of 
a polyphase wattmeter in a 
three-phase, three-wire circuit. 
It should be observed that the 
accuracy of tests made with 
single-phase wattmeters will be 
somewhat higher than those 
made with polyphase watt- 
meters Voltage ranges can be 
extended by the vae of multi- 
pliers or transformers. To 
obtam high accuracy the in- 
struments should be used at 
40% of rared current or above. 
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Power-Factor Meter Connections. — ^The power factor of an 
alternating currait circuit is measured by a power-factor 
meter. 

By definition, the power factor of a circuit is the ratio be- 
tween the effective power and the apparent power. It has 
previously been shown how the effective power in a three-phase 
circuit nray be measured by means of two wattmeters. 

If, in addition to the two wattmeters diown in fig. 4,587-20, 
a voltmeter and an ammeter be connected in the circuit in the 
conventional manner, the apparent power is found by multiply- 
ing the product of the voltmeter and ammeter indications by 
1.73. If the system be only slightly out of oalance, the average 
readings of an ammeter placed in each lead successively may be 
taken as the current, and the average voltage between the 
leads as the potential. 

Since the active or effective power may be obtained from the 
wattmeter readings and the apparent power from the readings 
of the volt and ammeters, the power factor of the load may be 
obtained from the equation: 


Power-factor 


Effective power ^ 
Apparent power 


Power factor = 


Sum of wattmeter readings 

1.73 X average line volts X average line current 


In order to obviate the necessity of using four meters with the acoom> 
panying high cost and complications, one single instrument known as the 
power-factor meter may be used to obtain the power factor of the load. 

This type of meter by its design contains the necessary elements for 
measuring the power factor by a direct indication. 

Typical power factor meter connections in various power systems are 
shown in figs. 4,587-24 to 4,587-26. 




Miscellaneous Meters 


2,679 



Fxa. 4,587>24.~Typical power factor meter connection when used on a single phase circuit, 
^ngle-phase power factor meters should be used only at the calibrated frequency. 



Fio. 4t587-^.- -Typical power factor meter connection when used on a three-phase* th r e e^ wirs 
dreuit. 
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TEST QUESTIONS 

1 . Name a few meters of a miscellaneous nature. 

2. What is the construction of a power factor meter 7 

3. Name two types of power factor meters. 

4. How does a watt meter type power factor meter work? 

5. Describe the disc or rotating field type of power fac- 

tor meter. 

6. What is the ordinary range of power factor measure- 

ments ? 

7. Whxt is a phase indicator intended for? 

8. Give one method of checking the connections of a 

3 wire, 3 phase power factor indicator. 

9. What is the special use of the phase indicator? 

10. State briefly the principle on which phase indicators 

operate. 

11. What is a synchronism indicator? 

12. Name three types of synchronism indicators. 

13. Describe the lamp or volt meter type of synchronism 

indicator. 

14. Describe the rotating field type of synchronism in- 

dicator. 

15. What is the principle of operation of the rotating 

field type synchronism indicator? 

16. What is the object of a frequency meter? 

17. Name three types of frequency meters. 

18. Describe the several types of frequency indicators. 

19 Explain how to read a Frahm frequency meter. 
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CHAPTER 87 

Measurements of Power 

There are two principal methods whereby power may be 
measured in a three-phase system, namely: 

1. The three-wattmeter method, and 

2. The two-wattmeter method 

With reference to fig. 1 employing three wattmeters, the 
total power delivered is equal to the sum of the individual 
meter readings, or 

p = watts (1) 



P!io. of three-phtte power bf emp lo y m en t of tlm woUmetoi. 




2,682 


Measurements of Power 


If the star center of a load is not available as is often the 
ca^, or if the load be connected in delta, correct wattmeter 
readings may be obtained by connecting the three ends of the 
voltage coils together 

If the load be balanced, the total power may be determined 
from the readings of a single wattmeter since the power is 

^=31^, watts 

or three times as great as that indicated by one wattmeter. 

In the two-wattmeter method the wattmeters will measure 
the total amount of power if connected as shown in fig. 2. The 
corresponding vector relations are shown in fig. 3. 



With reference to fig. 2, Wi is connected to measure current 
/« and the voltage £._» The angle between the voltage and 
current is (30— <^) The readings of meter Wi is 

Wi=E/cos(30-^) watts (2) 

Similarly the reading of meter Wt is 

Wj«*£/cos(30-i-*) watts ©) 
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The three phase power is 

P “ + = £/cos(30— (<.)+E/cos(30+*) 

Substituting the equation for the cosine of the suin and 
difference of two angles (from trigonometry) we obtain 

P — El (cos 30 cos4 > +sin 30 sin</>) + 

El (cos 30 cos(#>— sin 30 sin^) 

and - 

P <=Ell—— cos<^H — sin<^+ 

\ 2 2 

from which 

P=V3P/ cos^, watts (4) 

This is the general formula for power in a three-phase circuit 
as previously developed. 

When the phase angle 4> is less than 60° (that is, the power 
factor is greater than 0.5) both wattmeters will read on scale 
and the total power is 

P=Wi+Wt, watts (5) 

When the phase angle <t> is equal to 60°, wattmeter W» will 
read zero since h will lag the voltage by 90°, and Wi reads the 
total power of the system. In this case the power factor equals 
0.5. 

Finally when the phase angle <#> is greater than 60°, that is, the 
power factor is less than 0.5, Wz reads negative and the con- 
nection to the current coil must be reversed, and since its 
resultant reading is negative, the total power is 


Vz 1 . \ 

— cos^--sm^I 


p- jFi- Wt, watts 


t6) 
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If it be desired to obtain a relation between the phase ans^ 
and the two meter readings, we may write 


T^i— W's_£/ cos {30— 4))— El cos (30+^) 
Wi+Wi~EI cos (30-^)+£:/ cos (30+*) 


W,-W,_2sm30sm<t> ^ ^ M 

Wi+Wi 2 cos 30 cos ^ Vs 


or 


tg4>=V3 


W1-W2 
W,+ W2 


(7) 


In the above formula 0 is the angle of lag, or lead of the 
current and Wi and W 2 the readings of the wattmeters. 

A table giving the value of the power factor (cos 4>) for W 2 / Wi 
is inserted on page2,687and may be used for either positive 
or negative value of the quotient. 

As a suitable ex^cise in the treatment of the above formulas 
the following examples are given: 


Example. — The power supplied to c three-phase induction 
motor is measured by two wattmeters which read 9 and 5 kilowatts 
respectively. // the line potential be 440 volts, how much current 
does the motor draw from the line? 


Solution. — ^The angle of lag of the current is obtained by 
inserting the above values in formula for tg ^ or 
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and 


tgt>~Vz 


W,-W» 

Wi+Wt 


.^^. 0.495 


^—26.3*’ and cos ^=0.9 (approxiinatdy) 


Snoe in this instance the phase angle is less than 60" Q.e. 
the power factta* is greater than 0.5) the total power is obtained 
by an addition of the two meter readings ot 


P — Wi+ W» "S+S * 14 kilowatts 


We may write 

14,000 X440X / XO.9 

from which 

=20.4 amperes. i4i». 


14,000 


V5x440x0.9 


Exam^e . — Two wattmeters are used to measure the power in a 
balanced three-phase circuit. The line voltage is 240 voUSt the line 
current is 50 amperes and the phase power factor is 80%. What 
are the readings of the two wattmeters? 


Sdntion. — 

The reading of wattmeter 

Wi<=£/cos (30-^)=240x50xco8 (30® -36.9") 

•= —240 x50 x0.9928* —11.9136 kw. (Backward) 
Beading of wattmeter 

W*-£/ cos (30+4) =240X50 cos (30" +36.9") 
-240x50x0.3923-4.7076 kw. (Correct) 
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The toUil power 

= Wt = 11.9136+4.7076 = 16.6212 kw. Ans. 

The same total power will be obtained by the use of equation 
P=EI cos </>\/3 = 240 x50 x0.8^3 = 16.6212 kw. (check) 

Example . — Two wattmeters are connected into a balanced 
three-phase system to measure the power. What is the power factor if 

{a) Two meters read the same 

{b) One meter reads zero 

(c) One meter reads twice as much as the other 

Solution.— There are several methods whereby a solution to 
the above problem may be obtained. 

With reference to our formula we obtain in the first jnstanre 


(a) 




Wx-Wi 

Wx+W^ 



and ^=0 


that is cos ^ = 1 or unity power factor. Ans, 


(b) /««=V3^*=V3 

Wi 


whidi oxrresponds to an angle of 60°. Hence cos ^ »0.5. Ans, 
(c) ig^ and ^ =30° 

ovv% o 


firtmn whkh <»8 =0.866. Ans. 
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TABLE 

VALUE OF COS e (POWER FACTOR) 
FOR 



•£* Positive 


C08 0 

V2 

Coa 4 

V2 

Coa 4 

E.^ 

Cm * 

Ez 

Cm * 


Wi 


Wi 






0.99 

0.554 

0.89 

0.381 

0.79 

0.246 

0.69 

0.117 

0.50 

0.98 

0.525 

0.88 

0.367 

0.78 

0.233 

0.68 

0.104 

0.58 

0.97 

0.507 

0.87 

0.353 

0.77 

0.220 

0.67 

0.092 

0.57 

0.96 

0.490 

0.86 

0.339 

0.76 

0.207 

0.66 

0.079 

0.56 

0.95 

0.473 

0.85 

0.325 

0.75 

0.193 

0.65 

0.066 

0.55 

0.94 

0.457. 

0.84 

0.312 

0.74 

0.181 

0.64 

0.053 

0.54 

0.93 

0.441 

0.83 

0.298 

0.73 

0.168 

0.63 

0.039 

0.53 

0.92 

0.425 

0.82 

0.285 

0.72 

0.156 

0.62 

0.026 

0.53 

0.91 

0.410 

0.81 

0.272 

0.71 

0.143 

0.61 

0.013 

0.5t 

0.90 

0.396 

0.80 

0.259 

0.70 

0.130 

0.60 

0.000 

0.50 


Negative 

"i 



0.154 

0.30 

0.312 

0.29 

0.498 

0.169 

0.38 

0.329 

0.28 

0.519 

0.1S3 

0.37 

0.346 

0.27 

0.540 

0.109 

0.36 

0.364 

0.26 

0.562 

0.214 

0.35 

0.382 

0.25 

0.584 

0.230 

0.34 

0.400 

0.24 

0.606 

0.246 

0.33 

0.419 

0.23 

0.630 

0.262 

0.32 

0.438 

0.22 

0.654 

0.279 

0.31 

0.458 

0.21 

0.678 

0.295 

0.30 

C.478 

0.20 

0.703 



wi W\ 

Fw. 4.-^Table giving ratio — of wattmeter readings and corresponding power factor. Aaainne 
Wv 

for example that two wattmeters connected as shown in fig. 2. are giving a positive readinc 

of H'i«i4,0008nd 1,892. The ratio ^*r^?*0.473. The corresponding power factor 

Ivi 4,000 ieonlinued on next Pogt) 
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Measurements oi Power 


Example . — In a balanced three phase 208 volt circuit the line 
current is 100 amperes. The power is measured by the two watt 
meter method and one watt meter reads 18 k.w. and the other zero. 
What is the power factor of the load? If the power factor were 
unity and the line current the same what would each watt-meter 
read? 


Solution. — The expression for power is 
P = EI cos^v^ 

since one watt-meter reads zero 

P = 18,000 = 208 X 100 Xcos ihXy/Z 
18,000 


and 


C 06 ^> 


208xlOOx\/3 


= =0.5. Aru. 


With the power factor unity and the same line current, we 
c^tain according to equation (7) 


KKi-f Wt 


Also 


Wi-i-Wi^mx 100 XVS - 36 k.w. 

That is, each watt-meter reads 36/2 or 18 Kw. Arts, 


for tint rmtio from table *0.85 or 85 As a check we may iitien our values in cquatkm (7)*or 

_ 4.000-1,89 2 _ 2,108 

'**”■'/* v's 4.000 + i-ssb" Vas.sre"®**** 


and d*31,8^. The power factor corresponding to this angle is 0.8499 or 88%. 
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CHAPTER 88 

Switchboards 

In all buildings where electricity is generated, converted, 
transformed, or utilized to any great extent, the control of the 
equipment is arranged, in so far as practicable, for the most crai- 
venient attention and operation. 

The control and indicating devices are moimted on some 
form of structure at a particular point, and the whole assemblage is 
known as a switchboard. 

The design of switchboards is dependent upon the kind and capacity of 
apparatus to be controlled, the types of devices to be used, the buildings in 
which the switchboards are to be installed, and upon future additions and 
alignments with existing installations. 

Switchboards are usually built of 

1. Slate. 

2. Ebony asbestos. 

3. Marble. 

and they may be classified as 

1. live front boards (vertical). 

2. Live front boards (bench). 

3. Dead front boards. 


a. Safety enclosed, vertical. 
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b. Safety enclosed* sectional. 

c. Safety enclosed, truck. 

Special designs are also built when necessary to meet unusual require- 
ments. 


Foundation. — The switchboard should stand on a level 
foundation sill made of hard wood or channel iron, as shown in 
figs. 4,626 to 4,629. The sill must be rigid and heavy enough 






Slot ELEVATION 



Figs. 4,626 to 4,629. — Standard sill and switchboard sub-base arrangements. 


SO that the panels will not be thrown out of line by settling. 
Standard 6 in. channels are best, although hard wood sills 7x2 
ins. may be used and are recommended where insulated frame 
work is required. 

The sill should be securely anchored. Drill the channel sill for anchor 
bolts to suit floor construction. A method of grouting the channels is 
shown in flg. 4,632. 

A small brick pier should be built at each end, and sand or plaster piled 
along the sides of the channel to prevent the cement leaking out. The 
mixture should be about one part sand to one part cement and should flow 
freely . By pouring it into the piers until the level rises above the top of the 
channel, a head will be produced which will force the cement underneath 
the channel. 
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Pig. 4,630. — ^Arrangement of channel base when end grill is not used. 



The tapped holes in the sill 
should be plugged with wood 
before pouring the cement » or 
the bolts for the floor flanges 
should be screwed into the 
channel temporarily to the 
maximum depth, in order to 
prevent the cement Ailing 
them and making it difAcult 
to fasten the flanges to the 
channel. The grouting 
should be allowed to set for 
twenty-four hours before 
mounting the panels on the 
sill. 

It cannot be too strongly 
emphasized that the leveling^ 
anchoring and grouting of 
the sill are important opera- 
tions and the Anal appear- 
ance of the switchboard is 
dependent largely on the care 
and patience exercised. 


Fig. 4,631. — Arrangement of channel base, panel sub-base, and panel supports, showing pre- 
ferred and alternative locations of lower vertical hanger for pipe mechanism, for remote 
GontroUed oil circuit breakers. 
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The method of anchoring panel braces is dependent on construction of the 
wall. Heavy panel equipment requires solid fastenings. Expansion bolts* 
through bolts, or an angle iron bolted along the wall may be used. 


Erection. — ^The panel frame consists of either in. upright 

pipe supports, angle irons, or, in cases where the equipment is 



CEMENT 


CHANNEL 

IRON 


/ 


a e 0 e e o a 

RICK PIER 


5 * 


Fig. 4,632. — ^Method of grouting channel in sill. 



exceptionally heavy, channel irons. A standard method of 
bracing switchboard panel supports is shown in fig. 4,634. Re^ 
gardless of frame construction and method of shipping panels, 
whether assembled or dismantled, the middle panel slu^d be 
erected first, plumbed and braced securely. 
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Fig. 4.634. — ^Pipe frame stnicttire for a 90 inch board. The beat results in a finished awitcliboanl 
are obtained by firet setting the frame structure accurately. Plumb and align it carefully 
before bolting it to the sill and wall 



F!R»*i,636^Ef«ctiQg a switchboaid of three section panels which have beensUppedaa indhrl- 
dual oeetioos. Lsatheroid washers are placed between the panels and pipe fittfagi to aUgn 
the front surlaoe of the board. Each row of nectioos is toireled and aligned qoiBplelalybalora 
the panel bolta am tightened. 
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If the supports be shipped separately the frame work should be set up and 
plumbed first, then the panels bolted to it, first loosely to avoid cracking, 
and then securely. Flexible leatheroid washers are placed between frame 
and panels to prevent cracking of the panels when the bolts are tightened* 
and to align the front surfaces of the panels, as shown in fig. 4,635. 

If shipped on supports, each panel will be set up adjacent to the fixed 
panel and anchored in place. 



Fig. 4,636. — Switchboard erection showing placement of spacers under the lower outside 
corner of the panel when an opening appears at the top. 

Shimming should be done between the sill and bottom edge of 
panels to plumb the free edge as shown in figs. 4,636 and 4,637. 
Sometimes it may be necessary to file the edges of two adjacent 
panels by means of a hack saw blade inserted between them, in 
order to fit them more closely. 

The installation work is somewhat simpler when the panels 
are shipped assembled on their supports, but even then i^umb* 
ing and shimming may be necessary, as in figs. 4,636 and 4,637. 





Switchboards 


2,695 


Benchboards are sometimes shipped assembled, but more frequently 
knocked down. 

When erecting the board the sills are leveled and bolted in place firsts then 
the frame works are set up and anchored to the sills. Now the vertical 
sections below the bench, and then the bench sections are erected, always 
starting from the middle of the board. 

Lastly the instrument sections are set up. The grille or sheet iron work 
should be fitted, but should not be bolted into place before the wiring has 
been done. Figs. 4,638 to 4,640 show typical bendi board construction. 








Fig. 4.637 .--Switchboard erection showing placement of apacen under the tower inaide comer 
of the panel when an opening appears at the bottom. 

Frame Stractnre. — This is generally made of l}i inch pipe 
with threadless fittings such as shown in fig. 4,641, the applica- 
tion of these fittings being shown in figs. 4,642 to 4,646. The 
fittings are adaptable to pqies of standard sizes as carried by 
local dealers in this material. They are used because of their 
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stiffnessandweightand their ease of assembling and adjustment. 
Note the suggested method in figs. 4,647 and 4,648, of bracing 
a switchboard when the board extends across a window or other 
opening in the wall. 

All such structures should be well braced together to avoid any flexibility 
that might tend to affect operation of oil circuit breakers, or transmit jars 
from them to the panels. The threadless clamp fittings offer in this respect 
the best facilities for perfect adjustment. In heavy capacity installatiom, 
avoid carefully any complete magnetic cii cuits around a conductor carrying 
a great amount of current. 



Figs. 4,638 to 4,640. — Typical bench board construction. Fig. 4,638 croee section, hg. 4,639 
Iront view; fig. 4,640, back view. 


Make sure of an effective ground and see that paint on pipes or fittings 
does not prevent a good connection . There should never be more than three 
clamped or screwed joints in series for each ground connection. 

Pipe caps should be slipped on the exposed ends of all pipes to improve the 
general appearance of the installation. All metal work should be painted 
fioro time to time for protection and appearance. 
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CSasses of A.C. Switchboards. — Depending upon the mount- 
ing and method of operation of the apparatus a.c. switchboards 
may be classified as 

1. Direct amtrol boards. 2. Remote control boards. 



Fus, 4 , 641 . "-Standard •witctiboaid pipe fittingi. 
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FVss 4,^42 and 4^643. — ^^ipUcatioa of switctdxiard pipe fittings. 
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Direct Control Switchboards. — ^This type of board has all the 
apparatus mounted, either directly or partly upcoi the panels 
and the remainder on the panel supporting fi^e wcnrk. A 
direct control board is shown in fig. 4,649. 


Manual Remote Control Switchboards. — On boards of this 

type only the lighter pieces of ap- 
paratus are mounted. The main 
circuit breakers and their as- 
sociated apparatus are supported 
upon suitable frame work at a rea- 
sonable distance from the panel 
board. 


The oil circuit breakers or other switch- 
ing devices are operated by means of suit- 
able operating rods and links attached to 
a handle or handles on the front of the 
panels. Fig. 4,650 shows a manual re- 
mote control board. 



Fig. 4,649. — ^Weatinghouae 600 volt, direct control awitchboard for the control of 1 to 3 altenin- 
tore. Tfaie board iadeaigned for the control of from 1 to 3 altematora in amah induatiialplaitte 
or iaolated generating etationa operating at 600 volts or lese. The panels are approsiiiiate^ 
48 inchea high, mounted on tubular inpe frame work, with the topof the panel approadmate^ 
76 inches from the floor line. Sometimea the panel has a lower eecUon, other timea not, 
depending upon the amount of apparatus to be mounted upon the respective panels. Ueually, 
the capacity’ per panel is limited to about 600 amperes with not more than 5 panels aggre^ 
gating 1,800 amperes total. In this type of board, the instrument and control egutpowntii 
sadiaced to a and only those metan that are absolutely memmr for the proper 
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The electrically controlled switchboard usually takes one of 
three gaieral forms, namely: 



Flo. 4,SS0. — ^Mmual remote control ewHchboard. Boudt of this type often have the i 
feneral meter equipment as the direct control board. Since they usually have control over 
larfer amounts of power, the metering equipment is apt to be somewhat more elaborate nd 
the rday equipment is more complicated. They are applicable where the simplicity of con- 
Mcdona or accessiblltty desired cannot be obtained with the panel mounted apparatus or 
where atathm capacity or voltage is so hi|^ as to make it desirable to mount the oil drcuit 
brei^reapart from the paneland where the station arrangement permits the use of manu^ 
operated, remote controlled oil circuit breakers. The mechanical limitations of the manu^ 
mmote control esritchboard are; 1. Dietanoe between location of the ewitchboard panel and 
ita correlated oil switching devices. 2. The effort required to operate the switchi^ dovioet 
through the system of bell cranks and connecting rode. This uauaUylimita this type of homd 
to stetioiii of 25,000 fas. capacity. 
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1. The panel board. 

2. The combination control desk and elevated instrument 
board 

3. The combination bench section and instrument panel 
board. 


There is practically no limitation to the application of the electrical, 
remote control switchboard, if the necessary control course be available. It 
finds its greatest use, however, in plants of heavy capaciti^ requiring elec- 
trically operated apparatus, or where the distance between the board and 
switching devices makes the application of hand operated apparatus tmde- 
sirable. 

Requirements. — Obviously, the kva capacity of the generat- 
ing station, both present and ultimate, has a direct bearing on 
the limitations of the above class of switching equipment. In 
general the switching apparatus should be capable of inter- 
rupting the worst possible short circuits that can occur. 

The amount of short circuit energy is dependent upon the 
kca capacity of synchronous apparatus connected to the system, 
its inherent reactance and the impedance of intervening trans- 
former apparatus and connections. 

The amount of energy that a circuit breaker would interrupt in the case 
of short circuit is not that indicated by the nominal rated capacity of the 
station, but the maximum power the synchronous apparatus is capable of 
passing through the breaker to a point just beyond, at the instant the 
breaker opens. Accordingly, the greater the duty demanded of the circuit 
breakers, the more rugged and heavier this piece of apparatus must be. 
This in turn usually determines the class of switchboard for the problon at 
hand . Therefore, only breakers of relatively small interrupting ability and 
small physical size can safely be mounted on the rear of panels, with die 
result that the direct control switchboards should be limited to stations of 
restricted current capacity and 2,500 volts or less. The reasons for these 
limitations lie chiefly in danger to operators, of high voltage and high pow- 
er^ apparatus when in close proximity with the low voltage control , instru^ 
ment wiring, etc. All of these require inspection and occasional majot^ 
nance. 

In other instances mechanical reasons may ue the deciding fiu:tors. 
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In general, it is recommended that no oil circuit breakers 
having a continuous current capacity of more than 800 amperes 
be used on direct controlled boards. Furthermore, no direct 
control ax. type of board ^ould be employed for stations hav- 
ing a capacity greater than 3,000 kta. 

Such limitations naturally restrict the direct control board into what may 
be termed small capacity isolated generating stations or substations. 

It is obvious that there is no sharp dividing line between the choice of a 
direct control board over a manual remote control board or between the 
manual remote and the dectrical remote control board hear the upper 
limit of the first two classes of switchboards. 

Very often local factors will indicate the desirability of using the next 
higher class of board even though the amount of power controlled is within 
the usual limits of the lower class board. Generally speaking, the limita- 
tions of the direct control board are dectrical while the manual remote con- 
trol board limitations are largdy of a mechanical nature. 

Clioice of Switeliiiig Arrangement. — ^Before attempting to 
select any particular type of switchboard, a complete skeleton or 
single line diagram of main connections for the proposed station 
should be prepared. After this has been studied carefully to see 
that it will meet operating requirements of the proposed project, 
calculations should then be made to determine the rupturing 
capacity required for the various oil circuit breakers. Such a 
study may bring out the desirability of modifying the scheme 
of main connections by the use of current limiting reactors or 
transformers to limit the concentration of power at any one par- 
ticular spot in the system. 

In makiag a choice of switching arrangement, probably the first item of 
consideration is whether this particular station is of r^tivdy little im- 
portance or not with respect to the whole system. 

If the entire station could be dispensed with for a short time without 
materially affecting service, then an inexpensive switching scheme woidd be 
justified. If the station be a major one and continuity of service be of prime 
importance, as it usnaUv is, a more daboiate switcfaing sdnenie must be 
contemplated. 
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Pigs, 4,692 to 4,701 .-^DiagTains illustrating general principles of switchboard connectiona. 




Switchboards 


2,707 


GeiMHral Princiideg of Switchboard Connectiona. — ^The inter- 
oonnecticm of generators, transformers, lines, bus bars, and 
switdhCs with their relays, in modem switchboard practice-ls 
shown by the diagrams, figs. 4,692 to 4,701 . The figures being 
lettered A to J for simplicity, the gsDeratocs are indicated by 
black discs, and the switches by ppm circles, while each heavy 
line reinresents a set of bus bars consisting of two or mcse bus 
bars according to the system of distribution. It will be under* 
stood, also, in this connection, that the number of pc^e of the 
switches and the type of switch will depend upon the particular 
system of distribution employed. 

Diagram A, shows the simi^estsystem, or one in which a single generator 
feeds directly into the line. There are no transformers or bus bars and only 
one switch is sufficient. 

In B, a single generator supplies two or more feeders through a single 
set of bus bars, requiring a switch for each feeder* and a single generatcMr 
switch. 

In C, two generators are required and the addition of a bus sectioii 
twitch. 

D, represents a number of generators supplying two independent dr* 
cults. The additional set of bus bars employ^ for this purpose necessitates 
an additional bus section switch* and also additional selector switches for 
both feeders and generators. 

E, shows a standard system of connection for a city street railway system 
having a large number of feeders. 

This arrangement allows any group of feeders to be supplied from any 
group of generators. 

It also permits the addition of a generator switch for each generator* 

F, represents the simplest system with transformers. 

It requires a single generator transformer bank* switch and line. The 
arrangement as shown at F, is used where a number of plants supply the 
same system. 

C, represents a system having more than one line. 

In this case a bus bar and transformer switch are used on the high tension 
side. 

H, shows a numb^ of generators connected to a set of low tension bus 
bars through generator switches* and employing a low tendon transfonner 
switch. 
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PiGMi. 4,702 and 4,703. — ^Diagnuns iUustrating aaimple nfthod ofdmtmrmining hua c^poc- 
ftp aa luggested ^ the General Electric Co. Pig. 4,702 relates to any panel; the method is 
as foUowa: i. Make a rough plan of the naire board, regardless of the number of panels to be 
Qcdeied. Tka ardor oSpanals shown is recommended, it being roost economical of oqyper and 
best to future extensions. 2. To avoid confusion keep on one side of board every- 

thing pertaining to exciter buses, and on other side everything pertaining to A.C. buses. J. 
With single lines represent the exciter and A.C. buses across such panels as they actuaUy 
and by means of arrows indicate that portion of each bus which is connected to feeders 
^nA that portion which is connected to generators. Ramamber that **Ganarotor** and **Faadar** 
arrawa must ahaays point toward aach othar, otherwise the rules given below do not hold. Note 
•Uft that the field circuits of alternator panels are treated as D.C. feeders for the exciter bus. 
4. On each mark iu ampere rating, that is. the maximum current it supplies to or takes 

from the bus. For A.C. alternator panc^ the D.C. rating is the excitotion of the machin es. 
i, Apply the following rules consaeutaaly, and note their appUcation in fig. 4,702. ( For th e 
s^ of dearness ampere ratings ate shown in light face type and bus capadties in large type.) 
A. Alwaya bagin with tha tail of tka arrow and traat **ganaratar** and **faadaT** saationa of tka bus 
waparataty - Bna capacity for Jirat panal ^antpara rating oj panal. C. JBua capacity for aack 

auecaading panal ^ampara rating of panel plus bus capacity for pracading panal, (See emni 
above the buses in fig. 4,702.) D,For a panal not eonnaetad to a bus axtandingaeroaait, 
uaa tka amallar aalua of tka bus eapaeitias already obtained for tka two adjoining panels, (See 
exciter bus for panel C.) E. Tka bus capacity for any feeder panel need not excaad the matam^ 
for tka generator panaU (see A.C. bus for panel G) and eka earsa (eee exciter bus^ panel B). 
Hence the oorrectiofis made in values obtained by applying rules B and C. The anange* 
Iiieiitofpanela8howninfig.4,702is the one which is mostly used. The above method ma^ 
however, be applied to other arrangements, one of which is shown in fig. 4.703 Here the 

genemtccB must feed both ways to the feeders at either end of the board so that in detemtiiui^ 
AjC. bus capadties it is neoeiMry to first consider the generators with the feedemat one w, 
and then with the leedere at the other end aeebown by the dotted A.C. buses Tbere<l»ii«4 
bus capadties are then obtained by taking ths maxhiMnn values lor the two cates. 
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Switchboard Panels. — ^The term '‘panel” nieans the slab of 
marble or slate upon which is mounted the switches, and the 
indicating and controlling devices. There are usually several 



4,706 to 4»708. — ^Diagramg of connections for alternator panels. Keu to tymboi$t At 
ammeter: A.S., ammeter switch; C.T,, current transforpier; fuse; FJi,, direct current 
field ammeter: F.S., field switch; G.C.S.t governor control switch; limit switdi Cin* 
eluded with governor motor); 0,S.» oil switch; polyphase indicating watt meter; 

polyphase watt hour meter; P.H.t pressure receptacle; P.P., pressure plug: 
rheostat; S., shunt; 8,R„ synchronising receptacle; S.P,t synchronising plugs; termiiial 
board for instrument leads; Y., alternating current volt meter. 
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pands conqirising switchboards of moderate or large size, these 
panels being classified according to the division of the s^tem 
that they control, as for instance: 

1. Generator panel. 

2. Feeder panel. 

3. Regulator panel, etc. 

In construction, the marble or slate should be free from metallic veins, 
and for pressures above, say, 600 volts, live connections, tetnunals, etc., 
should preferably be insulat^ from the panels by ebonite, mica, or removed 
from them altogether, as is generally the case with the alternating gear 
where the switches are of the oil type. 

The bus bars and connections should be supported by the framework at 
the back of the board, br in separate cells, and the instnunents should be 
operated at low pressure through instrument transformers. 

The panels are generally held in position by bolting them to an angle 
iron, or a strip iron frame work behind them. 

Generator Panel. — This section of a switchboard carries the 
instruments and apparatus for measuring and electrically con- 
trolling the generators. On a well designed switchboard each 
generator has, as a rule, its own panel. 

In the case of a high pressure alternating current plant of con- 
siderable size, the bus bars, oil switches, and the current and 
pressure transformers are generally mounted either in stoneware 
cells, or built on a framework in a space guarded by expanded 
metal walls, and no high pressure apparatus of any sort is 
brought on to the panels themselves. 

Feeder Panel. — ^The indicating and control apparatus for a 
feeder circuit is assembled on a panel called the fe^er panel. 

The most common equipment in the case of a direct current 
feeder pandi comprises an ammeter, a double pole switdi, and 
double pole fuses or instead of the fuses, a circuit breaker on erne 
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or both poles; in the case of a traction feeder, a choke coil and 
a lightning arrester are often added. 

The equipment of a typical high pressure three phase feeder 
panel is an ammeter (sometimes three ammeters, one in each 
phase) operated by a current transformer, and oil brake switch 



^*709 to 4,716. — Diagrams of connections for three phase feeder panels. JCeif to sjrmAolir 
A, ammeter; A.S , three way ammeter switch; B.A.S., bell alarm switch; C.T., curtent 
transformer; F, fuse; O.S., oil switch; polyphase indicating watt meter; P.WJd,, 

polyphase watt hour meter; T.B., terminal board; T.C., trip coils for oil switch. 

with two overload release coils, or three if the neutral of the cuT'* 
cuit be earthed, the releases being operated by current tians- 
fonners. 


^ck Type Switchboards. — Recently another form of 
switchboard arrangement has come into use for certain classes of 
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service and is commonly known as the truck type as 
shown in figs. 4,717 to 4,722. The bus bars are mounted in a 
steel housing and the panel, circuit breaker and instrument 
transformers are on a removable truck. The housing and truck 
carry disconnecting devices for both primary and secondary cir- 
cuits. The truck is mechanically interlocked with the housmg 

■ so that it cannot be in- 
serted nor withdrawn un- 
less the circuit breaker be 
opened. The breaker can- 
not be closed unless the 
truck is in the operating 
or in the disconnected 
position. 

PxG. 4,717.— We»tilighoiitt axiall truck type ewitchbcMurd: front view oeU. 


Truck type panels are equipped with either manually operated or elec- 
trically operate circuit breakers as may be desired, and they are applicable 
for any service connected with the generation or distnbuuon of electrical 
power within the breaker interrupting rating. 
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2. All parts requiring inspection are on a removable truck which is 
‘‘dead'' on all sides when removed from the housing, 

3. Automatic shutters cover the opening through whiclf the maindis> 
connecting contacts pass so that the truck compartment is safe to enter 
when the truck is removed. 

4 . A truck may be replaced by a spare one in a few moments' time and 
the circuit breaker inspected without a prolonged interruption of service. 
Maintenance is thus made both safe and easy. 



5. The installation work for the pui- 
chaser is, in general, much less than for 
ordinary manual direct control board as 
the equipment is shipped completely 
assembled in units. The purchaser 
merely has to fasten the housing to the 
floor steel work, install the bus bars, 
make cable connections and fill the 
circuit breaker tank with oil. 

This type of panel equipment 
is becoming very popular for in- 
dustrial sub-stations when the 
grade of switchboard attendant 
is not of the highest order. 

It is also used to quite an extent for 
station auxiliary circuits in power 
houses where time is an important fac- 
tor in restoring service after an inter- 
ruption. 


Pig. 4,720 . — WwUnghouae iruek tppe switchboard conatruetion^ 3 tnis and lead 
comparttiients. Barriera removed. 


NOTE . — Truck tppe ewitchboardm oricinated in Europe and England where the laws and 
regulations governing safety features for the protection of employees are very stringent. The 
progress of the safety first movement resulting in the enactment of laws in many states hat 
created a strong demand for them in this country. The complete protection from electrical 
hazard allows the employment of cheap, unskilled operators with the degree of safety implied 
by the spirit of the safely first movement, if they be sufficienUy inrelligent to follow instnic* 
tions for operating the switches. 
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The truck type switchboards are often of the electrically operated type 
with the usual separate control panels similar to any electric^y operated 
board. The breakers with associated instrument transformers are located 
on trucks rather than on permanent frame work or cell structure. 

Theatre Switchboards. — The lighting requirements of the 
various classes of show houses differ greatly, and no one tyi)e of 
control equipment can be expected to fulfill all conditions with 
maximum satisfaction. Several types of switchboards are 
oecessary to meet the requirements of the different classes of 
theatre; the latter may be classified as 



Figs. 4,721 and 4.722. — Wmtinghotia^ truck t^pm Mwttchkoard comtructkm, 4, intarfot 
view of oeH. Pig. 4,721. shutter closed; fig. 4,722, shutter held open. In t^pcration wh« 
the truck is withdrawn from its cell, the live stationary contacts are not left exposed aa to 
most designs. Shatters automatically cover all the high tension live parts pmventhtt 
accidental contact with them. When the truck is pushed into its cell, the rollers on the tmw 
engage the shutter levers on the cell; and the shutters are opened to permit engegement m 
the contacts. 
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1. Legitimate. 

2. Vaudeville. 

3. Motion Picture, 

etc. 

The several types of switchboards designed to meet the varied 
requirements are 

1. Direct control switchboards. 

2. Pre-selective switchboards. 

a. Two screw. 

b. Multi-screw. 

Direct control switchboards . — 

Tumbler type direct control boards can be used in school 
auditoriums, small motion picture theatres, churches, and in 
other places where it is possible to provide skilled attendance for 
the switchboard, or where the cost of equipment must be kept 
low. 


To obtain maximum results with a board of this type requires a first class 
operator, and better satisfaction will usually result, with the elimination of 
possibilities of errors, by the application of a pre-set board . The operating 
possibilities of these boards are such that independent pre-sets can be made 
in each color group. 

Each group is under the control of a master switch, which can feed 
energy to the complete group of circuits in its color group, or to any desired 
selection of circuits in the group. 

The circuits can be arranged so that the complete lighting is controlled by 
a master switch at the board. Each color group taken care of on this type 
of board is normally provided with its own dimmers . The circuits are con- 
veniently grouped so that economy of material and apparatus can be car- 
ried out effectively. The constant circuits can be controlled from the 
switdiboard. 
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Pre-sekctioe switchboards , — 

The pre-selective board allows the operator to set up the 
lil^ting fcH* a second scene or act, while the first scene lighting is 
being used. It is well adapted for use in vaudeville theatres. 


Toother Individual fritotim. I f Lock Master 

in same section and same row J I Contactor Bus 
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because in this service, it is not expedient to set up the lifting 
for more than one scene in advance, owing to the nature of the 
program. 

In the hands of a skilled operator the pre-selective board provides a very 
satisfactory control for this service, with a lower energy consumption, due 
to the fact that the contactors are latched in, rather than held in by an 
electro magnet. 

On the stage pilot board the lighting for one scene or act can be pre- 
selected in any combination of colors and at any time that scene lighting 
may be thrown on by the main master switch. This energizes the coil of 
the master contactor, which at the moment of closing feeds energy throng^ 
all the control circuits set up for the scene . The contactors for these circuits 
then close, and are latched in that position. The pilot switches on the stage 
pilot board are then free so that a inre'^ection can be made during the show- 
ing of the first scene for the lighting to be used during the second scene. 

The switchboard eqtiipment consists essentially of the follow* 
ing three parts: 

1. Pilot board. 

2. Contactor board. 

3. Magazine panel. 

The pilot board incorporates the dimmer bank, the dimmer 
operating mechanism and all switching apparatus for producing 
the lighting effects. 

The dimmer bank is mounted in a heavy angle iron frame. Each dimmer 
or set of dimmers for one circuit, depending on the wattage, is provided 
with a handle for individual operation. The dimmer bank is usually divided 
into two principal parts — house and stage. Three or four color groups arc 
usually furnished and the dimmers and switches pertaining to one color arc 
mounted in a horizontal row, while the dimmers and switches pertaining to 
the same circuit are mounted in a vertical sequence, so that for any circuit 
all its color controls are in a vertical row with the white control at the top, 
amber next, then red and blue. 

The electrical control scheme is arranged along the same lines as the dim- 
mer control, that is, there is an individual pilot switch for each circuit, a 
color master switch located at the end of each color group and a stage main 
and house main switch in a central and convenient position. 
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Fig, 4»724*— Rear view of Westinghouse contactor board lor Keith Theatre* Beaton, Maia. 
lliii view afaowa bw the roagaaiia panel may be mounted. 
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The various push buttons and switches for the constant circuits to 
dressing rooms, etc., are placed in convenient and suitable locations. 


The contactor board contactors are arranged so that their 
position corresponds with the position of their circuit omtrols 
on the pilot board, which facilitates inspection. 

The contactor board is usually placed in a separate room directly bdow 
the pilot board. 


Individual 
Pilot Sw 


To other individual 
pilot ows in same 
section and same 
row. 






Loch Master 
Contactor^Bus 


Lock Master 
Contactor 


Puses 


iScenelCoii 

\Winding 

V 


—U. 


Color Master 


iScened 
^ Coif Winding 




]cene\ 

n 


Main Contact on dimmer 
\Individual Contactor 


Auditorium or 
Stage Master 
Peiays 


=jBM 


rtr 

I 


t 




_j^Branch Fuses 


-CTD. 


mm. 


-mm. 




Branch 

Lighting 


Fuses 

O Ih 

Cfmtact 
\onIndmduQl 
%ontactop^ 


Close 


Fuse 


— h 

4 


l=g 


Blackout Push 
Button 


Stage Grand 
Master Bw, 

extended 

Control 





Fuse 


Pig. 4,725.-*- Diagram of cocmectioos of Westingbouae two aoene pm-set switchboard. 
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*5SctntMain Scene Main *! Scene Main 

Fig. 4*726. — ^Diasnm of connectioiis of Westinghouae muiti-ore-Bet theatre switchboard. 
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Where a separate magazine panel containing fuses for the individual dr* 
cuits is provided, a slate base with main fuses for each omtactor may be 
mounted directly in back of the contactor board as shown in fig. 4,724. 

Where a solidly grounded neutral is permissible, it is possible to simplify 
the equipment greatly by omitting the magazine panel and mounting the 
individual circuit fuses, Erectly below the contactors. 


In the multi-pre-set switchboard, all the controls for a single 
circuit, which include the pilot switch, pilot lamp, pre-set 
switches, and circuit dimmers, are mounted together on a small 
section of the board. 


The number of pre-set switches is dependent upon the number of scenes 
that the board can handle, that is, if the board be ten scene, there will be 
10 pre-set switches for each circuit. 

The pre-set switches are arranged in horizontal rows with five switches 
to the row. To set up a circuit, the pre-set switches for the scenes in which 
that circuit is to be used are flipped to the “on*" position, and for the 
scenes where that circuit is not to be used they are moved to the “off*" posi- 
tion . This procedure is followed for all the circuits on the board , and when 
completed the board is ready for the performance. The setting up process 
can be done best at a rehearsal, and the effects can then be given serious 
attention and changed until just the right lighting is secured. 

Ail the lighting for scene 1 can be fixed by setting all the scene 1 pre-set 
switches, then scene 2 can be taken care of, and so on for the entire produc- 
tion. 

The pilot switch handles are pushed up into the set up position, closing 
the lower switch contacts. This is the position in which they are ordinarily 
left, for a production, and it places the circuit under the control of the color 
master switch. 

Pushing the color master switch handle up then places the color drcuka 
under the control of the scene grand master switches. 

There is a scene grand master switch for each scene that can be set up, 
thus a ten scene pre-set board has ten scene grand master switches . There is 
no limitation to the manner in which the scene grand master switches can 
be manipulated. Any one can be thrown on at any time, and any number 
can be closed at the same time. 
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Rear view erf Westin^iouae raulti-pn-aet theatre awitchboard, aboaring the mouating of the dimmereaiid tlie wii 
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To change from one scene to another without a **blackout/* dose die 
scene grand master switch for the following scene before opening the one for 
the scene in progress. 

If a **blackout" be desired, open the scene grand master switdi for the 
scene in progress, and then dose the one for the scene wanted. A scene 
may be repeated as often and whenever desired. 

The color masters , color master dimmers , the scene grand master switches, 
and slow motion master dimmer hand wheel are all locate at the center of 
the board so that the operator does not have to nm back and forth in 
handling the lighting. All essential controls are in easy reach from one 
position. 

The individual circuit dimmers can be interlocked with the color master 
and the color master in turn interlocked with the slow motion master hand 
wheel . A cross control is provided so that each color master handle can be 
interlocked in such a way as to brighten or dim the lighting of its color 
group as may be desired irrespective of the direction of motion of the other 
color dimmeiT. 

A “hot-btis'* connection is provided for each circuit. By closing the 
upper switch contacts for a circuit, that circuit is thrown on the **hot-bus” 
and lighted. It remains lighted regardless of the position of the master 
controls. 

With the entire lighting for a production set up, the opeiator can devote 
his whole attention to the operation of the dimmers . There is no haste, and 
possibilities for distracting errors are very remote. Once the lighting has 
been set up, no charges are necessary in the setting until a change occurs in 
the program, which may be a week or longer, depending upon the program. 


TEST QUESTIONS 

1. Give a classification of switchboarai . 

2. How are foundations constructed for switchboards? 

3. Explain how to erect a panel for a svntchboard. 

4. Explain how shimming is done. 

5. Describe the frame structure for switchboards. 

6. Give a list of various classes of a.c. switchboards. 

7. Wiruxt is a direct control switchboard? 



2,726 


Switchboards 


8 . Describe a remote control switchboard. 

9 . Name three forms of electrically controlled switch- 

boards. 

10 . Give at length the various requirements for switch- 

boards. 

11 . How is the choice of switching arrangement deter- 

mined? 

12 . Give the general principles of switchboard connections, 

13 . Give a simple method for determining bus capacity. 

14 . Define the term "panel” as applied to switchboards. 

15 . Name three classes of panels. 

16 . Describe the generator panel. 

17 . What apparatus is placed on the feeder panel? 

18 . Describe a regulator tanel. 
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CHAPTER 89 

Power Stations 


The term central or power station is usually applied to any 
building containing an installation of machinery for the con- 
version of energy from one form into another form. There are 
three general classes of power station: 

1. Central stations. 

2. Sub-stations.* 

3. Isolated plants. 

Power stations may be classified 

1 . With respect to their function, as 

a. Generating stations. 

b. Distributing stations. 

c. Converting stations. 

2. With respect to the kind of power used in generating the 
electric current, as 

а. Steam electric. 

б. Hydro-electric. 

c. Gas electric, etc. 


*NOTK. — Suh^Mtaiionm as»d iaolatmd ptanta are preeriitad in eeparate chapteit. 
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3. With respect to the distribution of power, as 

a. Generation and distribution voltages the same. 

b. Generation voltage lower than distribution voltage. 

c. Distribution at several voltages, one of which is the same as Jie gen- 

eration voltage. 


4. With respect to the kind of current supplied, as 
a. Direct. 



Fig. 4.728. — Elevation of small station with direct drive, showing arrangement of the boiler 
and engine, piping, etc. 


b. Alternating, 

c. Direct and alternating. 

CenhvI Stations. — It must be evident that the general type 
of central station to be adapted to a given case, that is to say, 
the general character of the machinery to be installed depends 
upon the kind of natural energy available for conversion into 
electrical energy, and the character of the electrical energy 
required by the consiuners. 

TTie general tendency is toward larger stations, and the 
interlocking of the systems located in different localities. 

The reasons for this is because the investment cost per kw. generated 
decreases as the size of the station increases, also by takins advantage of the 
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interconnection of stations the most efficient means of s^eneration of power 
may be employed as» by steam, water or gas engine power. 

LoeatiOD of Central Stations. — Usually central stations 
should be so located that the average loss of voltage in over- 



Fio. 4 ,729. — ^Floor pian of station having belted drive with countershaft A, engine and dynamo 
um; B, boiler room; C, office; D. store room; E, chhnney connected with the boilers by flue 
W; S,S, boilers; V,V, steam pipes; M,M. engine; O, countershaft; T,T,T,T, generators: 
H, switch board. A pulley may be mounted on the countershaft O, with a friction clutch. 
A jaw clutch may also be provided at Z. thus permitting the shaft O, to be divided into 
two sections. It is therefore possible by this arrangement to cause either of the engines to 
drive any one of the generators, or all of them, or both of the engines to drive ail of the 
generators simultaneously. 

Fig. 4.730.~*Plan of electrical station with belt drive without counter shaft. The installatioa 
here represented consists of two boilers, S.S, and three sets of engines and generators, 
T, M, etc. Sufficient allowance has been made m the plans, however, for future increase 
of business, as additional space has been provided for an extra engine and generator set, as 
indicated by the dotted lines. Other reference letters are the same as in hg. 4,729. 


coming the resistance of the lines is a minimum, and this point 
is located at the center of gravity of the system. In fig. 4,731 is 
shown a graphical method of locating this important spot. 

Suppose a roujjn canvass of prospective consumers in a district to be 
supplied with electric light or power shows the principal loads to be located 
at A, B, C, D, E, etc., and for simplicity assume that these loads will be 
approximately equal, so that each may be denoted by 1 for example: 
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The rektive locations of A.B.C.D.E, etc., should be drawn to scale (say 
1 inch to the 1,000 feet) after which the problem resolves itself into find- 
ing the location of the station with respect to this scale. 

The solution consists in first finding the center of gravity of any two of 
the loads, such as those at A and B. Since each of these is 1, they will to- 
gether have the same effect on the system as the resultant load of 1 and 1, 
or 2, located at their center of gravity, this point being sq chosen that the 



product f>f the loads by their respective distances from this point will in 
both cases be equal . 

The loads being equal in this case the distances must be equal in order 
that the products be the same, so that the center of gravity of A+B is at 
G, which point is midway between A and B. 

Considering, next, the resultant load of 2 at G, and the load of 1 at 
the resultant load at the center of gravity of these will be 3, and this must be 
situated at a distance of ♦wo units from C, and one unit from G, so that the 
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distance 2 times the load 1 at C. equals the distance 1 times the load 2 at G. 
Having thus located the load 3 at H, the same method is followed in finding 
the load 4 at I . Then in like manner the resultant load 4 and the load 1 at 
£, gives a load 5 at S. 

The point S being the last to be determined, represents, therefore, the 
position of the center of gravity of the entire system, and consequently the 
proper position of the plant in order co give the minimum loss of voltage on 
the lines. 



Pig. 4,733.— Station location. The figure shows two distribution centers as a town A, and 
suburb B. supplied with electricity from one station. For minimum cost of copper the loca- 
tion of the station would be at G , the center of gravity. However, it is very rarely that this is 
the bestlocalion. For instance at C, land is cheaper than at G, and there is room for future 
extension to the station, as shown by the dotted lines, whereas at G. only enough land is 
available for present requirements. Moreover C. is near the railroad where coal may be 
obtained withmt the expense of cartage, and being located at the river, the plant may be run 
condensing thus effecting considerable economy. The conditions may sometimes be such 
that any one of the advantages to be seciued by locating the station at C. may more than 
offset the additional cost of copper. 


The center of gravity as obtained in fig. 4,731 is very rarely 
the best location because other conditions, such as the price of 
land, difficulty of obtaining water, facilities for delivery of coal 
and removal of ashes, etc., may more than offset the minimum 
line losses and copper cost due to locating the station at the 
center of gravity of the system. 
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The more practical experience the designer has had, and the 
more common sense he possesses, the better is he equipped 
to handle the problem, as the solution is generally such that it 
cannot be worked out by any rule of thumb method. 

The cost for the station site may be so high as to necessitate 
building or renting room at a considerable distance hxnn the 
district to be supplied. 

If the price of land selected for the station be high, the running ex* 
penses will be similarly affected, inasmuch as more interest must ^en be 
paid on the capital invested. 

The price or rent of real estate might also in certain instances alter the 
propos^ interior arrangement of the station, particularly so in the case of 
a company with small capital operating in a city where high prices prevail. 
In general, however, it may be stated that whatever effect the price of real 
estate would have upon the arrangement, operation and location of a cen» 
tral station it can quite readily and accurately be determined in advance. 

With respect to the cost of land, room for future extension of 
the plant should be considered^ 

Although such additional space need not be purchased at the time of the 
original installation it is well, if possible, to make provision whereby it can 
be obtained at a reasonable figure when desired. The preliminary canvass 
of consumers will aid in deciding the amount of space advisable to allow 
for future extensions; as a rule, however, it is wise to count on the plant 
enlarging to not less, than twice its original size, as often the dimensions 
have to be increased four and even six times those found sufficient at the 
beginning. 

Another item to be considered in the location of a plant is its 
environments, as it may be regarded as a nuisance by those 
residing in the vicinity, occasioning many complaints and liti- 
gation. 

Thus, if the plant be placed in a residential section of the conununity 
the smoke, noise and vibration of the machines may become a nuisance to 
die surrounding inhabitants, and eventually end in suits for damage against 
the company responsible for the same. For these and the other reasons just 
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given a company is sometimes forced to disregard entirely the location of a 
central station near the center of ^vity of the system, and build at a con- 
siderable distance; such a proceeding would, if the distance be great, neces- 
sitate the installation of a high voltage system. 

There might, however, be certain local laws in force restricting the use 
of high pressure currents on account of the danger resulting to life, that 
would prevent this solution of the problem. In such cases there could 
undoubtedly be found some site where the objections previously noted would 
be tolerated; thus, there would naturally be little objection to locating next 
to a stable or a factory of any description. 

The matter of water supply is important because in a steam 
driven plant, water is used in the boilers for the production of 



Fio. 4,734.— Example of central tution located remote from the distributing center and fur- 
tiiahing alternating current at high pressure to a sub-station where the current it passed 
thr***g b step down transforroers and supplied at moderate pressure to the distribution system. 
In cases the sub-station contains also converters supplying direct current for battery- 
charing, electro-plating, etc. 

steam by boiling, and if the engines be of the condensing type it 
is also used in the condenser for creating a vacuum into which 
the exhaust steam passes so as to increase the efficiency of the 
above what it would be if the exhaust steam were 
obliged to discharge into the comparatively high pressure ol 
the atmosidiere. 

The force of this will be apparent by considering that the water con 
sumption of the engine ordinarily is from 10 to 25 lbs. of "feed water” per 
horse power per hour, and the amount of "circulating water” rniuired to 
maintain the vacuum is about 25 to 30 times the feed water, and in the case 
of turbines with their 28 or 29 inch vacuum, mudi more. For instance, a 
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1,000 horse power plant running on 15 lbs. of feed water and 30 to 1 circu- 
lating water would require (1.000X15) X (30+1) =*465,000 lbs. or 55,822 
gals, per hour at full capacity. 

The quality and possibility of a scarcity of water supply also 
is important. 

It is quite necessary that the water used in the boilers should be as free 
as possible from impurities, so as to prevent the deposition within them of 
any scale or sediment. The quality of the water used for condensing pur- 
poses, however, is not quite so important , although the purer it is the better. 



Ftc. 4,735. — View illustrating the location of a station as governed by the presence of a water 
fall . In such cas^s the ratural water power may be at a considerable distance freon the center 
of gravity of the distribution system because of the saving in generation In the case of long 
distance transmission very high pressure may be used and a transformer step down sub- 
station be located at or near the center of gravity of the system thus considerably reducing 
the cost of copper for the transmission line 


If the plant is to be located in a city, the matter of water supply need not 
generally be considered, because, as a nile, it can be obtained from the 
waterworks; there will then, of course, be a water tax to consider and this, 
if large, may warrant an effort being made to obtain the water in some othei 
way. In any event, however, the possibility of a scarcity in the sui^ly 
^uld be reduced to a minimum. 

If the plant be located in the country, some natural source of water wouUl 
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be utilized unless the place be supplied with waterworks, which is not gen* 
mlly the case. It is usual, however, to find a stream, lake or pond in the 
vicinity, but if none such be conveniently near, an artesian or other form of 
well must be sunk. 

If abundance of water exist in the vicinity of the proposed installation, 
not only would the location of the plant be governed thereby, but the kind 
of power to be used for its operation would depend upon this. Thus, if the 
quantity of the water were sufficient thioughout the entire year to supply 
the necessary power, water wheels might be installed and used in 
place of boilers and steam engines for driving the generators. The station 



Pig. 4,736.- View of a sution admirably located with respect to transportatkm of the coa* 
supply A» Bhown, the coal may be obumed either by boat or rail and with modem 
machinery for conveying the coal to the intenor of the station the transportation cost is 
reduced to a mimmum 


would then, of course, be situated close to the waterfall, regardless of the 
' center of gravity of the system . 

With respect to the coal supply, the selection of a site for a 
power station should be such as will be convenient for trans* 
porting the coal from the supply point to the boiler room. 

In this connection, an admirable location, other conditions permitting, 
is adjacent to a railway line or water front so that coal delivered by car or 
boat may be unloaded directly into the bins supplying the boilers. 
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If the coal be brought by train, a side or branch track will usually be 
found con valient, and this will usually render any carting of the fud 
entirely unnecessary. 

In whatever way the coal is to be supplied, the liability of a shortage due 
to traHic or navigation being closed at any time of the year should be well 
looked into, as should also the facility for the removal of ashes, befon. 
deciding upon the final location for the plant. 

Choice of System. — The chief considerations in the design of 
a central station are economy and capacity. When the current 
has to be transmitted long distances for either lighting or power 
purposes, economy is attainable only by reducing the weight of 
the copper conductors. This can be accomplished only by the 
use of the high voltage currents obtainable from alternators. 

Again, where the consumers are located within a radius of 
two miles from the central station, thereby requiring a trans- 
mission voltage of 550 volts or less, dynamos may be employed 
with greater economy. 

Alternating current possesses serious disadvantages for cer- 
tain important applications. 

For instance, in operating electric railways and for lighting it is often 
necessary to transmit direct current at 500 volts a distance of five or ten 
miles . In suchcases, the excessive drop cannot be economically reduced by 
increasing the sizes of the line wire, while a sufficient increase of the voltage 
would cause serious variations under changes of load . Hence, it is common 
practice to employ some form of auxiliary generator or booster, which when 
connected in series with the feeder, automatically maintains the required 
pressure in the most remote districts so long as the main generators continue 
to furnish the normal or working voltage. 

The advantage of a direct current installation in such cases over a similar 
plant supplying alternating current line is the fact that a storage batter:^ 
may be used in connection with the former for taking up the fluctuatiwi« of 
the current, thereby permitting the dynamo to run with a less variable load, 
and consequently at higher efficiency. 

Direct current is required for certain kinds of electrolytic work, such as 
electro-plating, the electrical separation of metals, etc., also the charging of 
storage batteries for electric automobiles . 
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Sometimes the central station must be equipped with suitable apparatus 
for supplying both direct and alternating current. 

Thus, it is evident that the character of a central station will be governed 
to a great extent by the class of services to be supplied. 

An exception to this is where the entire output has to be transmitted a 
long distance to the point of utilization. 

In such cases a copper economy demands the use of high tension alternat- 
ing current, and its distribution to consumers may be made directly by 
means of step down transformers mounted near by or within the consumers* 
premises, or it may be transformed into low voltage alternating current by 
a conveniently located sub-station . 



number of 50- watt lamps conmecteo 


If'ici. 4,737. — Diagram illustrating diversity factor. By definition diversity factor ^combined 
actual maximum demand of a group of customers divided by the sum o) then individual maxu 
mum demands. Example, a customer has hfly (50) watt lamps and, of course, the sum of 
the individual maximum demands of the lamps is 2,5 kw. watts (“connected load”). The 
customer’a maximum demand, however, is 1.5 kw. Hence, the diversity factor of Oie cus- 
tomer’s group of lamps is 1 5 -^-2.5 * .6, In tte diagram the ordinates of the curves show the 
ratio maximum demand to connected load for vanous kinds of electric lighting service. 

Where the current is to be used chiefly for lighting and there are only a 
few or no motors to be supplied, the choice between direct current and 
alternating current will depend greatly upon the size of the installation, 
diiect current being preferable for small installations and alternating cur- 
rent for large installations. 

If the current is to be used primarily for operating machinery, such as 
elevators, traveling cranes, machine tools and other devices of a similar 
character, which have to be operated intermittently and at varying spe^ 
and loads, direct current is the more suitable; but if the motors performing 
such work can be operated continuously for many hours at a time under 
practically constant loads, as, for instance in the general work of a pumping 
station, alternating current may be employed with advantage. 

diaeraH0 factor of a cuatomer’t group of lam|is, oamely, the ratio of aukxi- 
SBum damaad to oooiieciad load ia oauaUy called the demand factor of the cuatoiner . 
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Size of Plant. — Before any definite calculation can be made, 
or plans drawn, the engineer must determine the probable load. 
This is usually ascertained in terms of the number and distances 
of lamps that will be required, by making a thorough canvass 
of the city or town, or that portion for which electrical energy 
is to be supplied . The probable load that the station is to carry 
when it begins operation, the nature of this load, and the prob* 



able rate of increase are matters upon which the design and 
construction chiefly depend. 

The load carried by a central station fluctuates with the time 
of day and also with the time of year. 

A fluctuating load is best represented graphically, that is to 
say by means of a curve plotted on coordinate paper of which 
OTdinates represent load values and the corresponding abscissae 
time values, as in the accompanying curves. 

Where electricity is supplied for power purposes to a number 
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of foctories, the load is fairly steady, dropi»ng, of course, during 
meal hours. In the case of traction, the average value of the 
load is fairly steady but there are momentarily violent fluctua* 
tions due to starting cars or trains. 

The peak load is the maximum load which has to be carried by 
the station at any time of day or night as shown by the highest 
point of the load curve. 

The machinery of the station evidently must be large enou^ 



to carry the peak load, and therefore considerably in excess of 
that required for the average demand. The ratio of the average 
to the maximum load is called the load factor. 

There are two kinds of load factor: the annual, and the daily. 

The annual load feictor is obtained as a percentage by multiplying the 
number of units sold (per year) by 100, and dividing by the ixMuct of 
the maximum load and the number of hours in the year. The daily load 
factor is obtained by taking the figures for 24 liours instead of a year. 
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In addition to the machinery required to supply the peak 
load, there must be provided additional units for use in case of 
repairs or break down of some of the other units. 

^Steam Power Stations. — ^Boiler pressures for years have been 
increasing and as practiced today about 550 lbs. steam pressure, 
730" steam temperature and 28.7 ins. vacuum are conservative 
upper limits for steam conditions in stations, yet semi-experi- 
mental plants are being constructed that exceed these limits. 



Fio, 4,740. — ^Load curve of plant supplying power for the operation of motors in a manu- 
facturing district. The horizontal dotted lines show suitable power ratings. A properly 
designed steam plant has a large overload capacity, a hydraulic plant has a small overload 
capacity, and a gasoline engine plant has no overload capacity. Accordingly, the peak of the 
load (maximum load) may be 25 or 30 per cent in excess of the rated capacity of a ateam 
idant, not more than 5 or 10 per cent in excess of the rated capacity of a hydraulic plant, 
not at all in excess of the rated capacity of a gas engine plant. 

In these stations there are differences in the installations and methods 
used in an attempt to secure greater economy. One type utilizes steam 
pressure of 1,200 lbs. at a temperature of 750® in the boiler. This steam 
operates a turbine at the same pressure, and then is exhausted, while still 
dry. at a pressure of about 400 lbs. into a separately fired or live steam re- 
heater where the temperature is raised until superheat exists. The steam 
then operates another turbine cylinder and exhausts to the condenser, or, in 


*NOT£.— iSo/forf, iwthinea and steam auxillwriM have been described and 

their working principles explained at great length in the author's ami Sfachanfea 

g ii ldae to which the render » referred. 
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•ome designs, two cylinders may be used in the last part of the cycle, one 
(^CTting betwem 400 lbs. and zero pressure and the exhaust steam from 
after reheating operates another cylinder under vacuum conditions. 
This type of operation utilizes the regenerative cycle and a laig^e part of the 
theoretical gain in efficiency is obtained indirectly through the use of the 
reheating operation . 


ECONOMIZER 


FEED WATER 
“ HEATER 


?ic. 4,741w»Ilttt ttreamin an efficient atatka. Overall tiarmaieffidencF «*25%. 

BJ.tf. per kw, hour baaed on 14,000 BJ-m. coal ->0.975 lb. per hour» ^^^" - 

13.650. All eoergjr percentazea refer to the energy in the fuel.— VT. y. WaHenbsfg, YkU 
Uninrsity. 


Another type of station has been suggested which will utilize 
the same initial pressure and temperature and the high and low 
pressure turbine cylinders but not the principle of reheating* 

The moisture in the steam after exhaust from the high preasure turbine is 
to be removed by mechanical means and the steam then used in the low 
pressure cylinder. 
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In the majority of large stations recently erected it is cus- 
tomary to use electric drive for major auxiliaries and to practice 
multi-stage bleeding of the main turbine units for heating the 
feed water. 

If the steam be bled from the proper turbine stages, pressures and tem- 
peratures can be adjusted so that the feed water can be heated in successive 
stages to a degree almost equal to that of the boiler water temperature and 
^ a very efficient thermal system exists; the practical disadvantages of the 
bleeding system, however, as yet limit its application to two, three and four 
stage bleeding. 


HEATER COHOEHSER 



Fig. 4,743. — Steam condenser and feed water system in Avon Station of the Cleveland Qec 
trie Illuminating Co. 


Electric Drive for Steam Power Plant Auxiliaries. — ^Practi- 
cally all of the steam power plants now being designed or built, 
which fall in the central station class, are using steam bled 
from the main units for feed water heating and thereby obtain a 
higher plant efficiency than is possible by using the older scheme 
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with steam driven auxiliaries and utilizing the exhaust steam 
hx>m these for heating the feed water. 

This charge in the heat cycle of the plants, together with the fact that 
extremely high steam pressure and temperatures are being used, has made 
the use of electric drive for auxiliary apparatus more attractive than the 
lase of small high pressure steam turbines or reciprocating engines. 

The reliability of an induction motor is considered higher than that of 
such steam equipment, and the maintenance of the steam turbine and hi^ 
pressure steam piping is high as compared with electric drive. It is of course 
necessary to supply an unfailing source of electric power. 



Wig* 4,744. — System of auxiliaries in the Redmond station of the Philadelphia Electric Co. 


Some stations are provided with steam turbines for emergencji 
(^ration of the most important auxiliaries or duplex units with 
a motor and turbine both connected to the same auxiliary unit. 
These are used principally on boiler feed and condenser pumps» 

Most central stations produce ax. power and this is being quite genctonaUy 
used for driving the auxiliaries. Ax. motors are simple a^ depooj^ble 
and adjustable speed is obtained by using a wound rotor and pole changing 
induction motor, or brush shifting ax. commutator motors, iTUcb are 
now available in both shunt and series types. 
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Where wide speed ranges are required, d.c. motors are sometimes neces* 
sary or desirable, and are often used for operati^ stokers and fans. These 
auxiliaries may require rather accurate sp^ adjustment over a wide range. 
This is particularly true where powdered coal or oil is used for fuel, as just 
the right amount of air must be supplied at all times to bum the fuel 
properly. 

Electric drive is particularly well adapted to remote or automatic control, 
and many central station designers are taking advantage of these feattires 
for the auxiliaries. 

Group control or centralized control of boiler room auxiliaries 
is quite common practice. 

It is of primary importance to have motors and control such that m case 
of momentary voltage failure the auxiliaries will automatically restart. 
This is accomplished by the use of squirrel cage motors designed for full 
voltage starting, and by modifications in control of slip ring and commutator 
type motors which insure sufficient starting torque from the motors to 
start the auxiliaries. 

The switching equipment required for auxiliary power circuits 
is becoming an important item in the modem central station due 
to the increasing amounts of power to be handled at 2,300 volts. 

It is not unusual to find that switches with upward of 100,000 kva. rup- 
turing capacity are required for 2,300 volt aiudliary feeder switches in the 
larger generating stations. 

General Arrangement of Steam Electric Stations. — ^This 
should follow certain rules, whenever space is available. TTie 
first consideration is the relative arrangement of the boiler and 
turbine rooms. The preferable arrangement is to have one row 
of boilers parallel with the line of turbines, as shown in fig. 4,746, 
with large boilers set singly; but as the size of the turbine unit 
increases beyond 2,000 kw. the length of the boiler room usually 
exceeds the length of the turbine room, whence it is necessary to 
set the boilers in batteries. 
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For turbines of 7.000 or 8,000 kiv. capacity, the double row of boikn 
with central firing aisle, as illustrated in fig. 4,747, would be the neztdwioe. 

For stations of 15,000 and 20,000 kw. units, the boiler rorans are generally 
turned at right angles to the turbine room, as shown in fig. 4,748. 

These arrangements follow the imit plan which is now universally recom* 
mended and which greatly simplifies the piping. 



Fio. 4,746 — Stetion arrangement for turbine unite up to about 2,000 far. capedtv. 


Past practice provided for greater boiler reserve; but the care 
and attention given to proper boiler maintenance and operation 
that a complete complement of spare boilers suitable for the 
spare turbines provides perfect security. 

The general arrangement of the auxiliaries are shown in the 
illustrations. 

Steam driven auxiliaries are shown, but as pointed out in the 
preceding section, electric drive is the prevailing practice. 
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Station Construction. — The construction or rearrangement 
of the building intended for the plant is a problem that und^ 
ordinary conditions would be solved by an architect, or at least 
by an architect with the assistance of an electrical or mechanical 
engiiieer, still there are many installations where the electrical 
engineer has been compelled to design the building. 

In such instances he should be equipped with a general knowl- 
edge of the construction of buildings. It is not the purpose of 


theauthor to go into this phase of the subject.* figs. 4,749 to 4.751.— 

Pumping head for con- 

-CONDOM.. CONDtNSCR 

*1" y I — 1 should be pven to 

I [7 ] I coNOENscft pn r the amount of power 

j A ^ consumed in driv^ the 

I IJpuMP j ‘ II condenser auxiliaries, 

f *• ^ circulating 

eU PUMP i f greatest 

I I C I consumer, the pumping 

8 j ] FUDOB , head as well as the vol- 

II I I umeofwatershouWba 

I I Q R I I > JpuMP considered. Fig. 4.749 

• I 1 ®*'<ws the usual ar- 

1 ' 1 ' D rangement of the ciT' 

in m 1 — fSss S 5 ?ri H X culating pump for aaur- 

tm j — -la. ^4- ^ condenser. Dtmen- 

♦l^LSar PJI A ^ Sion C. should not ex- 

20 feet which ia 
^ about the limiting vahie 

of lifting power of the pump. The static pumping head C+D is affected by the siphon actkm 
due to the discharge, provided B, do not exceed 25 feet, as it is not safe to figure oo a 
siphon of over 25 leet. If B, do not exceed 25 feet, then the pumping head equals A+ 
condenser friction + pipe friction. Fig. 4,750 shows the usual arrangement of circulating 
pump for a low jet condenser. As stated, dimension C, should not exceed 20 feet, as some 
margin should be retained between the vacuum in the condenser and the static lift and 
pipe friction. As the distance C, is reduced, the pipe friction must be increased by throttling 
by a valve in this pipe line, so as to limit the amount of water which the removal pua^^ 
tmdles. The removal pump has to pump practically against full vacuum, which* for SA 
inches would be 32 feet. This results in a. pumping head of 32 feet+pipe friction — B. If 
dimension C, must exceed 20 feet, then a pump would have to be installed in the intake line, 
which would not be very desirable from an operating standpomt. Such a condition could 
be readily met by resorting to the baroroetne condenser shown in Pig. 4.751 where the pump 
ing head will be C+D+pipe friction + condenser friction. While the jet or the barometric 
condensers usually require less water, because of the smaller termina' difference between 
the outgoing water and the vacuum, they frequently involve an increase in the pumping head . 


Hydro-Electric Central Stations. — The economy with which 
idec^city can be transmitted long distances by hig^ tenmon 

*MOTE. — For the construction of buildings, see the author's Buikt^n* Guidm^ 
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alternating currents, has led to the development of a large num* 
her of water powers in more or less remote regions. 



Pio. 4,752. — Section of typical hydro-electric station showing the conventional arrangement 
of the apparatus in a typical small hydro-electric generating station. It also shows how 
« simple and inexpensive a type of construction can be employed in the forebay. tailraoe. 
etc., and in the building which houses the electrical apparatus. Simple construction is worthy 
of emphasis because it is often a deciding economic factor in the projected development of 
water power sites. The same arrangement of apparatus and building, layout anpliea to 
both automatically and manually controlled stations. 


This economy is possible by the facility with which alternating cuxTent 
can be transformed up and down. Thus at the hydro-electric plant, the 
current generated by the water wheel driven alternator is transform^ to 
very high pressure and transmitted with economy a long distance to the 
distributing point where it is transformed down to the proper pressure for 
distribution. 
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The proper sdection of a hydro-electric power house is governed by so 
many local coodderations that a thorou(di study of the situation is essential 
in each individual case. The greater part of the cost of power {Hoducticn 
in hydraulic power houses is the fixed charges, and the initial cost of footings 
and foundaticais represents a considerable share of the total first cost. 

The principal conditions detennining the selection of a site are; 

1. Bearing load of soil. 

2. Suitable disposition of tail water. 


~ \ 



r 


Flo, 4,753.— Water discharging from a needle nozzle due to a pressure of 169 Ibe. per sq. in. 



PtG. 4,754. — ^Photograph of a tangential water wheel equipped with Felton buckets in operatka. 


NOTE.— The raptdtp incrtaain^ priem of coat is compelling the developomt of the 
smaller and more inaccessible supplies of water power and also the supplanting of old 
units by modem and more efficient machines. Modem electric equipment has made poe- 
sible the development of much water power that would otherwise go to waste, for the power 
can be developed at the dam in some remote mod consumed where most convenient* 
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Puss. 4,755 and 4,756.->Hydri>«fectxk p cwrer statta. 
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3. Projdmity to dam or head gates. 

4. Possible arrangement and direction of penstocks. 

5. Type of water wheel. 

A water wheel or turbine is a machine in which a rotary motion is ob- 
tained by transference of the momentum of water; broadly speaking, the 
fluid is guided by fixed blades, attached to a casing, and impinging on 
other blades mounted on a drum or shaft, causing the latter to revolve. 

The choice of a suitable water wheel lies between the impuiae 
wheel, which is best suited for high heads, and the turbine wheel. 

The water turbine may be of vertical or horizontal design. The horizaniai 
turbine may be provided with a casing and located in the generating room, 
or it may be of the submerged type and located in a basin contiguous to 
the generating room, with the shaft extending through the dividing wall to 
the alternator. 

The submerged turbine is used only on very low heads, but in some cases 
it lends itself to a very economical and advantageous design of station. 

The vertical turbine is particularly well adapted for large units. It takes 
considerably less floor space and, consequently, smaller foundation than 
the horizontal type. The vertical turbine necessitates the use of a step 
bearing; recent designs of such bearings for this purpose have proved quite 
satisfactory. 

General Arrangement of Hydro-Electric Station. — Invariably 
the turbines, alternators, exciters and controlling switchboard 
are housed in one large room. The prime movers should be 


NOTE . — Thm marm oeceMibi# large aupplim of waatar ptnear have been burgely devd* 
Oped, but there remains a vast quantity of easily available water power suitable for dnvinc 
small and medium aiaed alternators. In addition to these undeveloped sites, there are many 
old ])lants consisting of boriaontal shaft alternators driven by long shafts gsared or belted 
to water wheels. These shafts have been sprung out of line, the gears have become worn and 
broken, the efficiency of the water wheels, originally poor, has become wore e thrcaigh wear 
and corrosion until, at present, some of these old installations can convert Into electtkal 
energy only half the available energy of the water. The gears and belts not only occupy smdi 
valuable space but they waste energy, are noisy, and a oopetant eouioe of annoyanoe and 
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arranged in a single row to simplify the penstock and tail race 
design, and the exciters (if not directly connected to the main 
units) and other auxiliary equipment common to the station 
^ould preferably be located in the center. This arrangement 
is sho^ in figs. 4,755 and 4,756. 



Calculation of Water 
Power. — The head k 
found by direct meas^ 
urement and the flow 
can be best determined 
by one of two gener- 
ally used methods. 
The simplest of these 
is to utilize a weir to 
measure and compute 
the flow; but many 
streams are so large 
that the use of a weir 
would be impractic- 
able. 

It then becomes 
necessary to find the 
cross section of the 
stream by measure- 
ment and to ascertain 
the average velocity 
by a number of tests 
at various pdnts. 


Pig. 4,757.— Sectional elevation of one c€ the 5.000 hone power vertical Mton-Fkandf 
turbines directly connected to generator, as insulted for the Schenectady Power Cb. 
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Weir Method. 

A weir is a sharp crested dam placed so that all the water will 
flow over it without restriction. 

It is known that for any given depth of water over the crest of the weir a 
definite quantity will flow per minute. The factors for this flow have been 
determined and tabulated. The accompanying table gives these figures in 
condensed form, which are accurate enou^ for any preliminary calcula* 
bans. A weir should be constructed as shown in fig. 4,756. 



Pio. 4,75S. — ^Wetr for measuring the water flow. Place a board across the stream at some point 
which will allow a pond to form above. The board should have a notch cut in it with both 
edges and the bottom sharply beveled toward the intake, as shown. The bottom of iht 
notch, which is called the crest of the wetr, should be perfectly level and the sides vertiosl. 
In the pond back of the weir, at a distance not less than the length of the notch, drive a 
■take near the bank, with its top precisely level with the crest. By means of a rule, or a 
graduated stake, as shown, measure the depth of water over the top of the stake, nudting 
allowance for capillary attraction of the water against the sides of the rule. For extreme 
accuracy, this depth may be measured to thousandths of a foot by means of a **hook gauge** 
fkmiliar to all engineers. 

Having ascertained the depth of water as in fig. 4,758, refer to the accom- 
panying table fix>m which can be calculated the amount of water flowing 
over the weir. There are certain proportions which must be observed in the 
dimensions of this notch. Its length or width ^ould be between four ami 
ei^t times the depth of water flowing ov^* the crest of the weir. 



Weir Table 

Discharge in Cn. Ft. per Minute per Foot Length of Weir 
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shown in fig. 4,759. To obtain the flow it is necessary only to 
find the average velocity of the water. This is dcme by measur- 
ing the velocity either with a current meter or with weighted 
floats at a number of points, as indicated by crosses, and averag- 
ing the results by adding all the velocity measurements together 
and dividing by the number of measurements. Then, the aver- 
age velocity multiplied by the sectional area gives the flow of 
the stream. 



Pio. 4.759. — ^Method of measuring large flows. 


Useful Formulae 

The horse power of a turbine is dependent on quantity 
water, head and efficiency. 

^ 62.4XHXQXE 
550 

in which 

62.4 -weight of 1 cu. ft. of water 

H-head in feet 
Q-flow in cu. ft. per sec. 

E - percentage efficiency 

(assuming that £ -80 per cent for full devdcqnnent) 
QXHXE^QXH 

*^•“-85 ir 
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the selection of an alternator is found by the formula 

. H.P,X.746XEX.95 

wo* --r 

P.F. 

Hk which P.F. * power factor, usually .8 
£* alternator efficiency 
.746*constant for relation of h.p, to kw, 

.95 * per cent of power at best operating point of turbine. 
Approximate diameter of turbine runner: 
j._1841.6X</>XH 
R.P.M. 


1 r 
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Fic. 4,761 .—Single bus, single circuit breaker system 


where D = diameter of rutmer in indies 
=head in feet 

R.P.M. — revolutions per minute 

0 — .8 for low head, .7 for medium head, and 
.6 for high head. 


Bus and Circuit Systems in Central Stations. — In this section 
will be considered some of the connection schemes in general use . 

Fig. 4,761 shows the simplest arrangement, known as the 
single bus system. 

Its use is confined to small unimportant stations where sim- 
plicity and economy are of primary importance 2 ind where pos- 
sible service interruptions can be tolerated. For switching 
under normal conditions and for protection of apparatus in 
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case of failiire, this simple arrangement will meet every re- 
quirement. However, there is no flexibility and a failure of 
any alternator circuit requires the withdrawal of the corre- 
sponding machine and breaker in service, similarly with any 
of the feeder circuits. 

In case of insulation failure of a bus bar support, a com- 
plete shut down will result until the defect has b^n remedied 
by a rearrangement of the alternator and feeder circuit so 
that the feeders are taken off in between the alternators. 

By use of sectionalizing disconnecting switches in the bus 
bars, a prolonged or complete shut down of the station may 
be partly guarded against. 




— BUS A 

— Bus B 
DIS.5W. 

OIL cm. 

BR. 


Fig. 4.762. — Double bus, sins^le circuit breaker system. This arranKement greatly increasea 
the chances for continuity oi rervice over that shown in Iik 4 761 One bus bar may be 
used as an auxiliary only; or one may feed a lighting load while the other feeds a power load. 


In the case of an insulation failure of a bus support, the total bus would 
be cleared of power by the operation of the oil breakers, either automatically 
or manually, and the defective section of the bus isolated by means of 
sectionalizing switches. The remainder of the station would then be put 
back into service. 

Fig. 4,762 known as the double bus, single breaker system is 
the next step in flexibility at minimum cost. 

Such an arrangement will practically eliminate the possibility of a pro- 
longed shut down, such as might residt in case of a bus failure. It also 
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permits maintaining service when working on either bus, such as cleaning 
the insulators, etc. It does not, however, eliminate the necessity of with- 
drawing apparatus from service in case of trouble on the corresponding 
circuit breaker. 

The principal advantage over the previous single bus arrangement is the 
fact that when feeders trip out, it is possible to first test them out on the 
spare bus before again placing them in normal service on the main bus. 
(^ite often a tie bus breaker shown in dotted connection, fig. 4,763, is pro- 
vide to facilitate this matter of line testing or quick transferring of power 
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Fig. 4,763. — Double bue system with tie bus in dotted lines. 


from one bus to the other. With the tie bus breaker closed, thereby ener- 
gizing both sets of bus bars, the transfer of a circuit carrying power from 
one bus to the other can be carried out without danger of interruption to 
service by means of the disconnecting switches. 


Fig. 4,764 shows the maximtim flexibility of the scheme 
known as the double bus, double breaker system. 

This has all the advantages of the double bus, single breaker system with 
the additional assurance against a shut down of any particular circuit, due 
to circuit breaker trouble. This arrangement is, of course, the most expen- 
sive which is the only criticism that could be advanced against it . For this 
reason, this arrangement is usually adopted only in large capacity stations 
where continuity of service is of prime importance and where its assurance 
will justify the expense. 

Between the double bus, double breaker system and the single 
bus system, there are several other combinations which diffei 
slighUy from those described. 



2,762 


Power Stations 


'§"l'£ 

B&AKCRS ^ ^ ^ 


DIS.SW. 
I OIL 

icm.sR. 

0IB.5W. 


ALTERNATORS 

Fig. 4,764. — Double bus. double circuit breaker system. 
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Fig. 4.765. — Ring bus system, bus sectionaliaed. Suitable for stations of medium size where 
great flexibility and maximum economy in cost are desired. This arrangement requires a 
very small amount of copper in the bus bars. 



Pigs. 4,766 and 4.767. — ^Typical examples of **H*' ayitekn. 
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The prune object, of course, of these different arrangements is to give the 
of flexibility which the local conditions seem to warrant, and at the 
same time keep the cost down to a minimiun. 

Fig. 4,765 is a modification of the double bus, single breaker 
system in that the two buses are tied together by means of bus 



tie circuit breakers and disconnecting switches so as to form 
what is called a ring bus. For example, large generating stations 
in cities such as Philadelphia, New York, etc., use a scheme 
known as the “H” system whereby two feeder circuits are 
served from a pair of selector switches to either of two buses. 
This typical arrangement is shown by figs. 4,766 and 4,767. 
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For systems distributing all or part of their power through 
step-up transformers, the question of bus bar connection ar- 
rangements becomes somewhat more involved. 


There are many arrangements in service varying anywhere from a single 
low tension to a single high tension bus (as indicated in fig. 4,768), up to an 
elaborate arrangement using double buses, double breakers on bo^ high 
and low tension circuits, as shown in fig. 4,769. If the station be at some 
distance from the load center, particularly hydro-electric stations, a very 



Fig. 4,7e9r->Biit tyttem using double buses and double breakiePi. 
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common arrangement of buses is shown in hg. 4,770. Here the altematoi 
and the respective step-up transform«^ are treats as a unit and all power 
is .sent out over two or more lines. 

Auxiliary power for the station is obtained from a low tension bus whkli 
may be connected to any one of the alternators . Normally, the alternators 
are not paralleled on the low tension bus. This arrangement while quite 
economical lacks flexibility. 



The alternator must be used as a unit on the corresponding transformer, 
and the foilure of either or of the conductors between them will result In a 
ifout down of both. Further, a failure of the hi^ tension bus will result In a 
complete shut down of the p^nt until such time as repairs can be made. 
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Fig. 4,771 diows a method of high tension connection which 
permits of certain flexibility and treats the transformer bank as 
part of the transmission line rather than as a unit with the 
alternator. 

In other words, the transformer capacity is chosen with respect to the 
transmission line capacity. This arrangement shows three high tension 





Fig. 4,771. — ^System in which transformers are treated as a part of the transmission line. 


breakers per group and often to reduce cost, the two oil breakers, marked 
A, and B, are replaced by three pole air break disconnecting switches manu- 
ally or electrically operated. If this substitution be made, then breaker C, 
operates both as a line breaker and as a transformer breaker. In fact, very 
often the low tension breaker D, would be used to trip out the circuit as the 
transformer would be considered as part of the line. The advantage of this 
arrangement, of course, is that when operating on the low tension side, the 
magnitude of voltage surges resulting from high tension switching is reduced 
to a minimum. 

Some of the disadvantages of such an arrangement are that this scheme 
does not work out well in the network system, neither does it prove very 
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eccmomical where generating: stations supply widely separated loads. This 
is especially true where the transformers must be of different capacity to 
meet the load requirements. 

The particular application of such a switching arrangement seems to lie 
with a station where power is to be transmitted over a number of lines to a 
single substation. In such an event, the line and transformer banks are 
identical and if the line be lost, the corresponding transformer cannot be 
used. Consequently, in such cases, this scheme forms an effective and eco- 
nomical arrangement. 


0UT60IH& Lines outgoing linls 



Fig. 4,774. — ^Single sectionalized bus system. This system gives great flexibility of operation 
with minimum cost and is suitable for medium sized plants. Dependence is placed on 
single circuit breakers. The station may be operated in separate independent halves, local 
feeders being fed from either half. 


Fig. 4,772, shows another arrangement for large steam sta- 
tions where all power is fed into a high tension net work 
distributed over considerable area. 

This station is a so-called base load plant. With this arrangement, each 
alternator and step up tiansfoimer is treated as a unit with no switching 
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devices between them. The high tension bus is a straight double bus, dou- 
ble breaker arrangement, affording a maximum amount of flexibility. The 
power for station auxilhuy is obtained from a high tension st^ down 
transformer bank. ‘ 


Fig. 4,773, shows another station load plant where all oower 
in delivered to a high tension bus. 


CHOKE COILS 


0UT60IN6 LINES 

h 


NE5 

k 4 


DIS. SW 


LI6HTNIN6 ARRESTERS 


T 


§§§§ 

T~Iii -fTT »-Tr 


FEEDER CI'R. BR. 
D15. SW. 


DIS. SW* 










DIS. SW- 


TRANS. 


■^ § § § § § § § § § § § 
i'f-M I ii I 

■I’ § I’ § 1 4 'll § § ■f’ § r r 

0-^-0 

0 ) @ (i) ® 




OIS SW. 


alternators 


Rg. 4,775.— Double bus, double circuit breaker system. This arrangement permits the ina 
of any or all of the aitemators, without regard to which of the transformers may be 
eration. It is particularly suitable where the statioa output is tak e n over but two or wm 
tcapsmisiion lines to the same destination. 
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In this case, the transformer banks are of exceptionally large size and the 
alternators are in two or three units, the steam end consisting of one high 
pressure and one or two low pressure turbines. A maximum amount of 
flexibility is to be had as double buses are provided in both high and low 
tension. 

Figs. 4,774 tx> 4,777, illustrate some of the more important 
and commonly used arrangements of main circuits by some 
of the more prominent central stations in this country. 


0UT60IH6 LIKES OUTGOINS LINES OUTOOINe LINES 



Fic, 4,776.-~*Single low tension, double high tension bus, single circuit breaker scheme. Low 
tension disconnecting switches permit the connection of an alternator direct to a trans- 
former (with or without connection to bus bar) connection of alternator to bus bar with 
cnnsfornier dead or connection of transformer to bus bar with alternator dead. AU appa- 
ratus may be in service while the load is removed from either section of either bus bar for 
repairs or additions. 
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TEST QUESTIONS 

1. What is understood by the term ‘'power station"? 

2. Give a classification of power stations. 

3. How is the location of a central station determined? 
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Fig. A,777 . — Single high tension bus scheme. The alternator and transformer are treated aa 
a unit and all low tension switching is thereby omitted. 'Hie station auxiliaries are fed 
from any alternator or transformer circuit by means of the auxiliary bus. 


4. Define the term center of gravity as applied to distri- 

bution systems. 

5. What factors enter into the source of location of a 

central station? 

6. Why is the matter of water supply important? 
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7. What are the chief considerations in the design of a 

central station? 

8. Define the terms “diversity factor” and “demand 

factor." 

9. Explain in detail how the size of a central station is 

determined. 

10. What is the load factor? 

11. What boiler pressure, super-heat and vacuum are 

commonly used in central stations? 

12. What kind of drive is used for the major auxiliaries? 

13. What is the comparison between electric and steam 

driven auxiliaries? 

14. Draw a sketch showing general arrangement of a 

steam electric station. 

15. Describe a hydro-electric station. 

16. Name two types of turbine used in hydro-electrU 

stations. 

17. What is the difference between an impulse and a re 

action wheel? 

18. What is a weir? 

19. Explain the weir method of measuring water flow, 

20. Draw a sketch showing construction of a weir. 

21. How is the velocity of water flow measured? 

22. Give formula for horse power of water turbine. 

33. Give the various bus and circuit systems in centred 
stations. 
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CHAPTER 90 

Sub-Stations 


By definition a sub-station is a building provided with ap- 
paratus for changing high pressiue alternating current received 
from the central station into direct current of the requisite 
pressure, to meet the service requirements. In the case of a 
railway system of considerable length where traffic is heavy, 
sub-stations are provided at intervals along the line, each re- 
ceiving high pressure current from one large central station and 
converting it into moderate pressure direct current for their 
districts. 

The selection of apparatus and general arrangement of a sub-statkm 

depends upon the character of the work and method of converting or 

otherwise altering the current supplied from the central station. 

There are several general classes of sub-station: 

1. Manually operated; 

2. Semi-automatic; 

3. Automatic; 

4. Portable; 

5. Supervisory controlled. 

In general the building for a sub-station should be sub- 
stantial, convenient to install or replace the heavy machines, 
and the layout arranged so that the apparatus can be readily 
operated by those in attendance. 
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An overhead traveling crane is the most convenient method of handling 
the heavy machinery, and is frequently used in large sub-stations. 

Fig. 4,779 shows a plan and hg. 4,780, an elevation for a small sub 
station containing two rotary converters and two banks of three single 
phase static transformers operating on a three phase system at 11,000 or 
13,200 volts, together with the auxiliary apparatus. 

In the case of three phase installations with separate trans* 



formers as compared with combined transformers, repairs are 
more readily made. 

The three phase units have the advantage of low first cost. 

Sub^staticm transformers produce considerable heat, due to the hyiter. 
esis and eddy cturents, and it is necessary to get rid of it. 
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Fig. 4,779.— Plan of snull sub station with single phase oil insulated self-cooling transibrmna 
and hand operated oil switches 11,000 or 13,200 volts, overhead high lines. 



Fto. 4,780.— Elevation of small suh-ataKion, as shown In plan in fig. 4,779. 
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Sinall transformers radiate the heat from the shell and the medium siaes 
have corrugated shells which increase the surface and provide more rapid 
radiation. 


Automatic Sub-Stations. — In order to eliminate the un« 
certainty and expense of manual operation, unattended or 
automatic sub-stations have been introduced. This type of 
sub-station is provided with an assemblage of contactors, re- 
lays and other devices especially adapted to automatic control 
service. 


This equipment together with the motor driven master controller per- 
forms the usual functions of starting, shutting down and fully protecting 
the sub-station at all times, entirely independent of manual supervision. 


The automatic station is usually started by a load demaxKl 
on that part of the system within its particular district. 


This is accomplished by a voltage relay, actuated from the trolley. 


The stopping indication is given by the operation of an under- 
load relay when the load diminishes to an imeconomical point. 
Starting and stopping of the station may also be accomplished 
by means of one of several remote control systems or by a 
time switch. 


The sequence of the various opmtions is determined by the motor 
driven master switch which was originally developed from the platform 
type drum controller. The fingers and segments of this switch make and 
brak circuits, actuating contactors and relays which act directly on the 
machine circuits. This type of control, in addition to insuring a fixed 
and correct sequence of operation, also eliminates a large number of Inter- 
locks. 
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As a concrete illustration, assuming a 600 volt, ncnmal trolley 
pressure the automatic equipment starts the synchronous con- 
verter or motor generator when the voltage falls for in- 
stance, to 540 volts or below. 

This reduction in trolley voltage is occasioned by the heavy current 
demand of a car just entering the zone fed by this station. The voltage 
nday acts, due to the reduction in voltage, and after a suitable time delay* 
to avoid starts due to current demands of short duration, actuates the 



Fig. 4.783.— Control system requiring pilot wires for a remotely controlled automatic station. 
In the diagram a semi-automatic plant is controlled from some other station by means of 
a three phase iiower line and two additional conductors, for controliing the water wheel 
gate opening, ’the operator fust closes the control switch, which causes the water wheel 
gate to open, thus starting the alternator. The field of the alternator is connected to the 
armature of the direct connected or betted exciter by the closing of the contactor in the 
main field circuit, and the alternator builds up the voltage as the speed increases. The op- 
erator, who has a synchronism indicator across the oil circuit breaki.r in the hand conirotied 
station, adjusts the speed and synchronises the alternator as if it were a machine in tha 
same p^t. After the alternator is synchronized, the load, which is under the operatoc's 
contrd, may be iKijusted to any desired amount. In order to have a lower value of ex- 
citation for synchronizing than that required under full load operaticm, resistance is Mserted 
(a the alternator field circuit. This resisUnce is automatically short circuited by a coik- 
factor when the two stations are conoectea. 
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master switcn. This energizes in proper sequence the opefating coils of 
the 0.C. starting field, and running contactors. 

As soon as the machine reaches normal voltage, the dx. line contactor 
is closed and the master switch stops. The sub-station then continues to 
fumi^ normal trolley voltage imtil the current demand falls below some 
predetermined value. This occurs, of course, when the car or locomotive, 
which has been taking current, passes out cf the section fed from this 
particular station. 


ALTtaNATlVt 



Fig. 4,7S4.— Coatrol Bystem which doet. not require pilot wires for s remotely controlled auto- 
matic station' The operator starts the station by impressing fractional voltage on the line. 
The fractional voltage may be obtained either from a starting compensator or from taps on 
Uansformers. provided that such are available In the remotely controlled station, the 
alternator is equipped with an amorteaeur winding and is started as an induction motor. 
Aa Uie alternator comes to synchronism the exciter builds up voltage and exates tlie alter- 
nator Held, thus pulling the alteraator into step. Ammeters, which are provided m the 
control station, indicate when the alternator pulls into step, and the operator then opens 
the fractional voltage supply and closes the line oil circuit brewer, thus applying full voltage 
to the remotely controlled alterxiator. The closing of the oil circuit breaker causes contactor 
A. to close, which applies full excitation to the alternator and opens the water wheel gate 
to full gate position. The gate motor is operated from direct current supplied by the ex- 
citer. To close down the remotely controlled alternator, the operator opens the oil circiut 
biaaker m the main station. The alternator then speeds up. and centrifugal switch B. 
breaks the coil circuit of contactor A. which drops out and oomptetes a circuit to close tbs 
gate. The contactor is arrang^ to insert resistance in the exciter field circuit, which pie- 
vents the alternator voltage rising above normal value. 
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Time delay features prevent the station dropping out until an appre- 
ciable period has elaps^, sufficient to take care of the normal service 
stops for discharging and taking on passengers. 

In the absence of manual attendants, the automatic sub* 
station is amply protected by reliable devices performing cer- 
tain functions, which in the manual sub-station would be taken 
care of by the operator; such as to: 

1. Start machines when demand exists or at direction of re- 
mote control. 



Fig. 4,78S.<— Control system for sin entirely automatic station (drum controller required). 
Tlie entirely automatic etatiop difTers from the remotely conlrolle.l elation in Ihet tJM 
power line does not neceeearily pass through a manusdly operated plant but may be tapped 
din^y into the transmission network. The contacLb of the float switch close when the 
water level in the forebay rises to a predetermined level, thus energising a relay gnd causiqg 
the contactor in the gate motor circuit to close. The closing of this contactor applies voltags 
to the polyphase gate motor, which is connected to the water wheel wicket gate thrcMH0i 
proper gparW. The motor opens the gate approximately 20% of full gate opening, which 
admits sufhd^t water to start the water wheel. At 20% gate opering. the gate motor- 
contactor is dropped out by the breaking of its coil circuit, which is opooed by one ot the 
dnim controOer segments, the drum oontroUer being driven through suitable geenng by the 
gate moior. The wicket gate stays in the pertielly open poaitkm until the water wnesi 
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2. Protect machine against injury during starting. 

3. Connect machine to sub-station bus. 

4. Protect machine against injury due to any cause while 
running. 

5. Shut down machine when demand ceases or remote con- 
trol indicates. 

In some of these operations, such as protection against ex- 
cessive temperature of load limiting resistors, or machine wind- 
ings, the machine is shut down until the temperatrire has 
dropped sufficiently to make operation safe. At this time, the 
machine again automatically resumes service. Where the shut 
down is due to other causes, an inspection may be required 
and the machine is not started again until the cause of the 
interruption has been determined and corrected. 

Scheme of Operation , — From the simplified wiring diagram, fig. 4,786, 
covering a typical 600 volt, synchronous converter installation, the gmral 
method of operation can be studied in detail. This diagram is so arranged 
that the various operations are indicated in sequence, beginning at the 
left. The starting indication is given by a voltage relay, which functions 
on low trolley voltage and operates through a time-delay starting relay 
(No 2) to start the station. After this rc^y has operated, provided the 


Pig. 4.785. — T^xt Continued, 

GdaoM to nearly ayndirooout speed, when the oootacta of oencrifugal awitdi A. driven from 
the abaft of the alternator, dose, thus bridging the brtak in the drum oontroUer aecmint 
and causing the gate motor to continue to open the gate. The proper segment on the dnmi 
oontroUer then causes the fractional volta^ oil circuit breaker to close, thus oomieGtiac 
the alternator to the fractiona] voltage transformer taps. A drum oontroUer s egm ent, than 
making contact, causes the alternator held contactor to doae, the donng of which eadtea 
the alternator, pullins it into step. By means of controUcr segn^ts operatmg on the proper 
control circuits, the fractional voltage oil circuit breaker is tripped, and the main Una c4t 
dronit breaker is closed. The alternator is thus properly connected to the bia and operates 
at a load cotreaponding to the head of water available. If the level of the water in the fore- 
bay faU to a pi^ternuned minimum, the atatkm is automatically ahut down. Wh«e the 
be^ of water is constant and full kilowatt output from the alternator is deaired at aU timm. 
the motor operated wicket gate may be diepenaed with and the water wheel provided with 
fried wicket gates. A motor operated or hydrmuUcaUy oper a t e d valve can than be need 
kr starting and atopping the atation. 
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Pro. 4,786. — Wiring diagram of a typical automatic sub-station. 

1. Master starling element 11. Control power transtormer 

2. Time delay starting relay 12. Speed limit switch, hand reset 

4. Master control contactor 13. Synchronous stieed cwntrol relay 

6. Starting contactor 27. A-c. undervoltage relay 

8. Control |x>wcr switch 27X. Auxiliary relay for No. 27 

various protective devices give correct indication, the master control con- 
tactor (No. 4) is closed. This actuates the motor mechanism of the oil 
circuit breaker which closes the breaker, thus energizing the a.c, bus. 

The protective devices again giving correct indication, the motor of the 
master switch, or drum controller (No. 34) is then energized and the drum 
starts to rotate. From this position the drum controller directs the se- 
quence of operations. About 30 seconds is required for a complete revolu- 
tion of this drum (from starting to running position, 23 seconds). 

A segment of the drum controller closes the starting contactor (No. 6). 
connecting the converter to reduced voltage taps on the transformer. At 
the same time the field-flashing motor generator, which is used to insure 
correct polarity, is started. 

When the converter reaches synchronous speed, as indicated by a relay 
connected across the armature of the converter, the converter field is aep* 
arately excited by the closing of contactor (No. 31), which connects the 
field to the field hashing generator. 
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£8. Retistor temperature relay 
31. Field flaahing contactor 

34. Master switch 

34E. Field flashing motor generator set 

35. Brush operating mechanism 

36. Polarised relay 

38. Bearing temperature relay, hand 
reset 

40. A<c. machine field relay 

41. Full field contactor 

42. Running contactor 

46. Balanced current relay 

47. Potential reverse phase relay 

48. Starting protective relay 


48X. Auxiliary relay for No. 48. hand reset 
49. A*c. machine temperature aielay 

51. A-c. overloai time delay relay 

52. Oil circuit breaker and mechanism 

56. D-c. reverse power and underload relay 

62. Time delay stopping relay 

64. D>c. grounding protective relay, hand reset 

71. line circuit breaker 

72. D-c. line contactor 

73. Load limiting re istor short circuiting contactor 

74 . Load limiting resistor short circuiting oontaclor 

75. Load limiting resistor short circuitmg oontactor 

76. D-c. overload relay 

77. D-c. overload relay 

78. D-c. overload relay 


After sufficient time has elapsed to insure the establishment of correct 
pc^rity, the separately exciting held contactor is opened and the self, 
exciting field contactor is dosed. The machine is now running at syn- 
chronous speed, seif-exdted, but on half voltage taps. The starting con- 
tactor (No. 6) next opens and the running contactor (No. 42) doses almost 
simultaneously, connecting the converter to full voltage taps on the trans- 
former. The converter brushes are lowered by the motor operated brush 
operating mechanism. The machine is now ddivering normal voltage 
with correct polarity. The d.c. line contactor (No. 72) next doses, con- 
necting the converter to the dx. bus through load limiting resistors. The 
load limiting resistors serve to limit the current when the machine is con- 
nected to the bus and are short circuited, in two or three steps, to further 
cushion the machine on the bus. 

The controller has now reached the full running position and the motor 
circuit is opened, stopping the controller until the machine is ready to 
shut down. 
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Under normal operation, the station shuts down when the load £alk 
below a certain predetermined amount. By the use of the time dday 
feature, the actual shutting down does not take place until after the 
load has remained below the underload setting for a certain definite 
interval. 




Frcs. 4,787 and 4,788. — ^Plan and elevation of typical outdoor aemi»au[onmtic aub-atation. 


At the end of this time interval, the contactor (No. 4) opens the oil 
circuit breaker (No. 52), the running contactor (No. 42), and the line 
contactor (No. 72). 

The drum controller then returns to the position and the 
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equipment resumes a position ready to respond to the starting indication 
resulting bom the next reduction in the trolley voltage. 

Semi'Antonutic Sub-SUtions. — ^By definition this type of 
station is one which is started mamudly and runs until shut down, 
according to some schedute, by one of a number of different methods. 

These methods may be a time switch, momentary interrup- 
tion of a.c. supply, or by an attendant who enters the sub- 
station foe that purpose. 



no. 4,789.--*WestinsiKM]88 synchrooentt visual type mperviaQry appanituB; djapatcber'9< 
trol keya and indicatiiig lamps. 
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Snce the semi-automatic sub-station is attended only during the start- 
ing and possibly the shutting down period, it must be equipp^ with ali 
protective devices such as are included with full automatic equipment. 
These devices include those to prevent open phase running, excess tem- 
perature of machine or transformer windings, overheated bearings, opera- 
tion with open shunt field winding, and overspeed of the machine. Of 
course, complete automatic operation of the d.c. equipment is essential. 

Since the station runs continuously during its scheduled 
period of operation there will be no saving in light load losses, 
such as would be effected by a full automatic equipment* 
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Load reqiiinements, however, may be such as to make this item n^lig^ble. 
The item of attendance is not entirely eliminated. 


AutoBiatic Superrisory Equipment. — The ordinary automatic 
sub-station operates very satisfactorily and would meet all re- 
quirements were it not for the occasional unusual occurrence 
which is foreign to any predetermined set up, but which is 
nevertheless vital to unit operation. 


For example, to meet emergency conditions in this class of service, it 
is essential that means be provided for quickly opening all feeders supply- 
ing a particular trolley section. In many installations where load condi- 
tions permit, it has also been found profitable and advisable to shut down 
and lock out certain automatic sub-stations during light load period. 
There is a demand, therefore, for some means of supervising these un- 
attended automatic sub-stations 
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A new class of equipment has been developed and is known 
as automatic supervisory equipment. This equipment provides 
the dispatcher with a means of selectively controlling devices in the 
substations and automatically gives him a visual indication of 
the substation apparatus by means of standard indicating lamps 
located in cabinets at his office. 

There are several types of equipment to meet various re- 
quirements and designated by the manufacturer as: 


6R£C.N LAMP INDICATES 
OPEN POSITION OF 
BREAKER 


RED LAMP INDICATES 
CLOSED POSITION 
OF BREAKER 



AMBER LAMP 
INDICATES THAT 
the SELECTORS 
ARE IN POSITION 
TO OPERATE A 
UNIT AT THE 
OlfTLYINO STATION 


WHITE LAMP INDICATES 
THAT THE SUPERVISED 
UNIT IN THE OUTLYING 
STATION IS IN THE POSITION 
OPPOSITE TO THAT 5H0WN 
BY THE CONTROL HEY 



Figs. 4,793 to 4,795. — General Electric supervieoiy equipment: DiMpaieh&rt* eoniroi 
0 Quipnuint. 
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1. S3rnchrQnous visual type: 

2. Code visual type; 

3. Audible type; 

4. Synchronous selector type. 

The first two types give the dispatcher a continuous visual indication 
of the petition of the apparatus conttolled, while the third type gives an 
audible sigml such as a bell tap or buzzer tone, informing the dispatcher 
of the conditions existing in the sub-station. 

A detailed description of the synchronous selector system as 
made by the General Electric Co. is here given to illustrate 
automatic supervisory control. The dispatcher’s office equip- 
ment consists of control keys, indicating lamps, and necessary 
supervisory devices for receiving control impulses which indi- 
cate the positions of the various supervised units. 

The sulhstatim equipment consists of the supervisory devices which 
transmit the control impulses to the auxiliary control relays and s^id bade 
indication impulses to the dispatcher’s office. 

At the dispatcher's office, each supervised unit has a key and lamp ccmi'' 
bination consisting of a standard two position turn key for control, a red 
light for indicating the dosed position, a ^een light for indicating the 
open position, and a white light for indicating an automatic operation of 
the corresponding breaker unit. Each combination has a two position 
push and pull selecti^ key to stop the sdectors at a point corresponding 
to the unit it is desired to control, and an associated amber l^p for 
indicating when the selectors are connected to that particular unit, as in 
figs. 4,793 to 4,795. 

The dispatcher controls the supervised unit in the sub-station over the 
control circuit, and the indications from the supervised units are returned 
to the dispatcher over the indication dreuit. 

The equipment at the sub-station is made to operate in synchronism 
with the equipment in the dispatcher’s office by means of current impulses 
sent over the synchronizing circuit. 


The sdieinatic diagram shown in fig. 4,796 sdves the contnd 
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Assume the system at rest. Before the dispatcher tries to perform any operation, 
he has to note that the white lamp associated with the start key is lighted, which 
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indicates that the selectors in the dispatcher’s office and the 
outlying station are both in the zero, or starting, position. 

In case this white light be not burning, the dispatcher should sync*ut>nixe 
the selectors in both stations by pushing the synchronizing key. It is 
not possible to o]:^te the system if the sdectors be not both in the zero, 
or starting, position. 


INDICATING 



Fig. 4798. — Diagmm of General Electric automatic superviaory equipment, cable type, for 
control and indication of remote power apparatus. To operate a breaker at an outlyinff 
•tatioa, the dispatcher turns the key assignecl to that unit. If the breaker be closed, the 
red lampUzhts and the green lamp goes out to indicate a completed operation. The white 
lamp remains lighted only during an operation, and goes out when the breaker closes. This 
lamp lights when a breaker tripe automatically and remains lighted until the dispatcher 
acknowledges the same by turning the key associated with it to the '*trip" position. This 
retention makes a set up on the auxiliary relay at the breaker so that it can be closed wbm 
the key is turned to the ^'closed” position. A trip free ccmtactor is used to allow the breaker 
to open if doted on an overload or short circuit, and thus prevents a pumping actkm shifle 
the dispatcher’s control key is turned to the ’’dosed” position. The conpectkm diagrasi 
gives complete connections for two operating keys of the dispatcher’s control cabinet* 
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Whenever the dispatcher desires to operate any oil circuit breaker or 
equivalent unit located in the outl3dng station, he first pulls the selecting 
key associated with the tinit he desires to op)erate. By pressing the start 
key, the selectors at each station step in synchronism to the selected po- 
sition and stop; the associated amber lamp lights, indicating that the se- 
lectors have reached the desired position. A control and an indicating 
circuit for that unit are now connected to the control and indicating wires, 
and the dispatcher can perform the desired operation by turning the indi- 
vidual control key and pressing the master operating key. The changed 
position of the supervised unit will be indicated at once by the red and grera 
lamps. Upon completion of this operation, he presses the selecting key, 
which permits the selectors to return automatically to the zero position. 

The pilot light key should also be depressed to extinguish the pilot lamp 
so that it will be ready for the next operation. 

Upon reaching the zero position, the alarm bell (either single stroke or 
continuous ringing) rings and the white lamp is lighted, indicating that 
the system is ready for a new operation. However, if he so desire, the 
dispatcher can select successively any number of positions during a single 
rotation, provided they be taken in sequence. 


With the supervisory system at rest, assume an automatic 
operation of an outlying station breaker. 

The breaker auxiliary switch starts selectors which automatically check 
the position of all units supervised. During the operation, an inication 
is sent over the indicating wire to light the correct indicating lamp in the 
dispatcher’s office, and the alarm bell calls the dispatcher's attention to 
this. Also the individual white light for this unit is lighted, so that the 
dispatcher can easily locate the vmt which has operated. Similar opera- 
tion takes place in case of simultaneous operation of more than one out- 
lying station unit. 

The dispatcher can extinguish the white light and reset the trip free 
device for the breaker by selecting the super\ased breaker and turning 
the control key so as to correspond with the position of the breaker. 

If, for any reason, such as inductive interference, the dispatcher’s office 
and the outlying station selectors are thrown one notch out of step, the 
selectors stop immediately, and the dispatcher cannot perform any control 
operations. Thus no false operation can take place. The dispatcher has 
to push the synchixmizing key, return the selectors to the zero position 
and start the opetation all over again. 
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The position of all imits indicated may be checked at any time by push* 
ing the starting key. 

A trip free feature is incorporated in the auxiliary relay equipment at 
the outlying station. A breaker when tripped open by a protective device, 
therefore, cannot reclose until this trip free device has been reset (except 
in the case of automatic reclosing equipments) . 

The dispatcher resets the trip free device by performing the same op 
eiation as that for tripping the breaker. 
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Operation of Circuits. — As previously stated, the schematic 
diagram of the synchronous selector system shown in fig. 4,796 
gives the control circuits for only two units, numbered 9 and 18. 
It is xmderstood, of course, that each selector unit is capable 
of handling 23 such circuits. 

Synchronizing Circuits , — The function of this circuit is to provide a 
means for forcing the selector in the sub-station to operate in exact syn- 
chronism with the selector in the dispatcher’s office. At each end of the 
synchronizing line and connected in series with it, is a polarity relay used 

Fig. 4,799 , — Text corainutd. 

L.G., green lamp; L.R., red lamp; a, circuit closing auxiliary contact; bb, auxiliary con- 
tact, closed when mechanism is in open position; 101, master element; 151, ox, over cur- 
rent reday; 152, oil circuit breaker and control relay; 179, ax. time delay fedosing rday; 
186, tockiar out current relay. 
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as a selector synchronizing relay. Since the two relays are in series with 
each other, they will operate together whenever a current impulse is sent 
over the synchronizing line. 

The circuit for the two relays is ccwnpleted at each end of the line through 
the synchronizing bank of the selector. 

The current impulses are fed into the synchronizing line with alternate 
polarity, as successive contacts on the synchronizing bank of the selector 
are connected to oppiosite polarity. The contacts on the selector syn- 
chronizing relays operate the matching magnets of the selectors by ap- 
plying alternate polarity at each step to one side of the notching coil. This 
circuit is completed to opposite pressure tlirough the contacts of the 
notching bank. 



Fig. 4,801. — Diagram of General Electric automatic telemetering equipment, frequency im- 
pulse system . Operation: Consider a totalizing watt hour meter, equipped with telemetering 
contacts and located at an outlying station. These contacts operate an auxiliary relay 
which transmits the impulses from the watt hour meter over the line wires to the load super- 
visor's ofTicc. The impulses are received by auxiliary relays which transmit them to the 
recording and indicating telemetnc receiver. Since e^h revolution of the watt hour meter 
shaft causes the telemetering contacts to send out a definite number of impulses, each im- 
pulse represents a definite block of power. Therelore, the rate of power with respect to 
time represents the actual kw. measured. The receiving telemeter is calibrated so that a 
certain number of blocks of power, or impulses per second, will bring the pointer of the tele- 
meter to its full scale reading, or a definite part of full scale, the pointer indicating and 
a pen recording this position or the kw. load . The apparatus is accurate within 2 % of full load. 

NOTE. — General Electric supervisory equipment: The eelector unit, Tlie principal de- 
vice used in this system is the selector unit operating in conjunction with the selector xvlay 
unit. It is located at the lower right hand comer of the dispatcher's panel, shown in fig. 4,793, 
and consists of five rows or banks of 25 contacts each, making a total of 125 contacts arranged 
in a 8emi<circle. There are five wipers, or armatures, Qtie for each bank of contacts mounted 
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The initial or starting impulse is given when the dispatcher presses the 
start key. The pumping action of the selector synchronizing relays is 
then continued as long as the relays receive alternate positive and negative 
impulses from the contacts of the synchronizing bank. As soon as a con* 
tact is reached that is disconnected from the source of voltage, the selec- 
tors will stop. 

The dispatcher can disconnect any one of the contacts from the source 
of voltage by opening the circuit of that contact with the corresponding 
select key. It is in this way that the dispatcher chooses the supervised 
unit to be operated. After opening the proper select key, a press of the 
start button will give the initial impulse and start the selectors. They will 
continue to run until the open contact is reached. Bbth the selector in 
the dispatcher's office and the 8ub>station selector will stop on the open 
contact. The wipers on all the other banks will be on the corresponding 
contact on those banks. 

Control Circuit , — With the selectors in the dispatcher's office and the 
sub-station stopped on corresponding contacts, a direct connection is made 
between the control key and the control relay of the supervised unit cor- 
responding to the position of the selectors. By turning the control key 
to one position or the other, the control line wire is connected to positive 
or negative pressure. 

At the substation end, the control relay, being polarized, responds to the 
polarity of current and operates to close or trip the device under its control- 


NOTE — Coniinvad. 

m a common shaft, that move over the eemi-circle of contacts touching each of the stationaiy 
umtacts in succesaion. Each armature oi; wiper is insulated from the others and has a sep- 
arate lead making a total of 130 connections to the selector. A driving magnet actuates the 
annatures by means of a notching arrangement. Each time the coil is deSnergized the arma- 
tures are moved from one contact to the next. The five banks of contacts are known as the 
synchronising, notching, control, indication and transfer banks corresponding to their func- 
tions. The synchronising bank sends out alternate conucts and negaUve impulses of current 
over the synchronizing line, and for this reason alternate contacts of the synchronizing bank 
are connected to iKwitive and negative polarity. These connections are made through the 
normally closed contacts of the select ke 3 rs. The function of the notching bank is to reverse 
the current through the driving magnet of the selector in order to control its operation so 
that only one step at a time is taken. The alternate contacts of this bank are connected di- 
rectly to positive and negative polarity. The function of the control bank is to connect the 
control line wire to the control keys in succession. Therefore, each contact on the control 
bank is connected to the corresponding control key, and the armature is connected to the 
control line wire through the proper protective relays. The function of the indication bank la 
to connect the indication line wu« to the indication relays m succession. Therefore, each 
contact on the indication bank is connected to the coil of the corresponding indication relay, 
and the indication line wire is connected to the armature. The function of the transfer bank 
is to cause the amber lamp on the control unit to light when the selector stope on the oor- 
tesponding contact. 
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A positive impulse is sent to trip the device and a negative impulse to close 
it. As long as the selectors are standing at this point, the dispatcher may 
trip or close the device at will- 

indication Circuit . — The function of the indication circuit is to notify 
the dispatcher of a change in the position of any device at the sub-station 
by extinguishing one lamp and lighting another. A white lamp is also 
lighted to indicate which of the devices operated. 

Assuming that the selectors are standing on one contact as described 
above, the indication circuit functions to indicate that a change has taken 
place each time the dispatcher opens or closes the device. 

The auxiliary switches on the supervised unit connect the indication 
line to either positive or negative polarity, depending upon v'hich switch 
is closed. 

A current impulse is sent over the indication line to the indication relay 
in the dispatcher's office. This relay operates to light a green or red 
lamp, indicating that tlie device is open or closed. 

After the dispatcher has completed the operation, the selectors may be 
reset to the zero position by closing the select key. Proper polarity is 
thereby supplied to start the selectors, which continue to run until the zero 
position is reached. 


NOTE. — General Electric supervisory equipment: Trarufer aelector. Since the selector 
tmit has only 23 positions that can be used for control and indication, another selector is re> 
quired for each group of 23 units supervised. In order to transfer the synchronising and 
notching circuits from the first to the second selector, from the second lo the third, and so 
on, a transfer selector is required. This selector is the same as the first, e«cpt that only four 
banks of contacts are required, 

NOTE. — General Electric supervisory equipment- The auxiliary relays. The five auxil> 
iary relays are lettered A, B, C, D and F. Relays A and B, are the two starting relays. Relay 
A, is energized over the indication line wire when the dispatcher presses the start key, and 
picks up to give the initial starting impulse to the selectors. Relay B, performs the same 
function, but is energized whenever one of the indication auxiliary relays drops out because 
Of a change in position of the suiiervised units. Relay C, is a line cut off relay that holds open 
the control line as long as the selectors are in motion. Relay D, is a voltage indication relay 
connected across the power supply. If any fuse blow, or power supply be lost for any other 
leaaon. relay D, opens the common line wire to prevent operation of any sort. With the se- 
lectors in the aero position when voltage is lost, the dispatcher is warned by the alarm bell 
and loss of the starting position lamp. Relay F, is used to check the syiKihronizing line wire, 
being deenergised in the starting position if the line wire be open. This relay is also deCner- 
giaed as soon as the selectors start from the zero position. 

NOTE--*-Cencral Electric supervisory equipment. The indication auxiliary relay. These 
relays are normally picked up and are connected between either positive or negative power 
and neutral, by the auxiliary switches on the supervised units. A change in the position Of 
a supervised unit will cause the indication relay to fall out. This causes the selector to start, 
if it be in the proper poeition, and the indication relay picks up, sealing itself in. The proper 
indication at the dispatcher's office it therefore assured. 
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In case any of the supervised units changes position while the sdectors 
are in the zero position, the circuit for the corresponding indication aux3- 
iary relay is broken by the action of the auxiliary switches on the super- 
vised unit. The indication auxiliary relay drops out and completes a 
circuit for a starting relay which, in picking up, sends the initial impulai 



ate. 430^- — ^A.8y«tem of control whkh ia adaptable to many automatic altema istaUatioi 
(dnw controller not required). This system involves the use of a master suirting element, 
shown m the diagram as a float switch, but which may be either a frequency control]^ 
device, a pressure governor, or a relay energised over pilot wires, or any other device, whkh 
when operated, will close the circuit of a solenoid or other starting device to admit water 
to the water wheel. When the water wheel comes to approximately 90% of synchronous 
speed, the contacts of the centrifugal switch close, which complete the circuit through an 
auxiliary switch attached to the gate mechanism to close the main line and the alternator 
held contactors. The closing of the alternator field contactor also completes the held circuit 
of the exciter. Owing to the time lag in the building up of its own field, the exciter excites 
the alternator an instant after the closing of the main line contactor, whkh pulls the alter* 
nator into step with a minimum disturbance to the system. The alternator, thus properly 
connected to the line, will carry its share of the system load when a governor is used, but 
when the gates are motor or hydraulically operated, the load will depend upon the degree 
of the gate opening. WTien tlie master element opens the circuit of the starting device, or 
when the protective devices wired m scries with the contacts of the master element operate, 
the station will close down. In closing down, the load on the alternator is first reduced, 
and then the main line and field contactors are opened by an amdUnry switch whi^ kopevt 
ated fxm the gate m ec h a n ia m . 
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Fig. 4JB04. — Diagram of General Electric automatic switching lystem, tor a.c. railway aignal 
and train control feeders. ^Two classifications oi feeder equipments are made: 1. operation 
laitkout tuc. reclosing relay; 2. operation ivttk i.c. redosing relay 'fhe operation is de- 
scribed for any section of the line, a section consisting ot the line with an A, contactor at 
one end and a B, contactor at the other. 

CUum 1 , — With automatic resetting feature — ^Assume normal line conditions with con- 
tactor A. closed and B. open. . If a trouble occur on the line, A. trips on overcurrent. After 
a stort interval of two or three seconds, B, closes If the trouble clear. B, remains doted. 
A, remains operr. but resets ready for reclosure, with a two or three second delay if B. open 
later. If the disturbance persist, B, trips and locks open. A, is also locked open. After the 
trouble is corrected A. is reset manually and normal operation is resumed. 


Cloea t . — Without automatic resetting feature. — Assume normal line conditions with A, 
dosed and B, open. In case trouble occur, A. trips and is locked open until manually reset. 
After a brief interval of two or three seconds B. closes. If the line clear B, remains closed 
If the disturbance persist, D, tripe and is locked open until manually reset. 

Class J. — With complete automatic resetting feature. — Using an a.c. redosing relay to 
control the A, contactor, assume normal conditions with A, closed, and B, oper.. If trouble 
occur on the line. A, trips on overcurrent and after a brief interval of two or .hrsr seconds, B, 
closes. If the line clear, B, remains closed , and A, remains open . but resets eady tor redoeuro 
in two or three seconds if B. open later. If the disturbance persist, B, trips and jOcks open. 
After a time delay. A, recloses. If the trouble still remain until the last reclosure of A, by 
the reclosing relay, it is assumed to be permanent. A and B. then locking open. After the 
trouble is corrected A, is reset manually and normal operation is resumed. If the line clear 
before the last reclosure of A, this contactor' remains closed. After a time delay to insure 
voltage is being maintained, B, resets ready for redosure m two or three seconds if A, opens 
later. 

Class 4. — ^With partial automatic reset. — ^Assume normal conditions with A, trippinff on 
overcurrent and B, closing as described above. If the line clear, B. remains dosed, and A, 
remains open with resetting mechanism ready for a time delay redosure if B. open later. 
If the trouble persist. B, trips and locks open. After a time delay, A. redosss. If the dis- 
turbance still remain until the last reclosure of A, by the reclosing relay, it is assumed to be 
permanent. A, then locking open. After the trouble is corrected, both contactors are reset 
manually, and normal operation is resumed. If the line dear before the last redosure of A, 
this contactor remains dosed. Since B, is locked open, it must be reset manually in order to 
be ready for reclosure in case A. opens later. On voltage failure atany station, any oonUctoct 
feeding from that station are opened and the signal line energized from the adjacent statioas. 
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over the synchronizing line to start the selectors. The selectors continue 
to run until the zero position is reached. 

Aa the wiper of the indication bank reaches the associated contact, an 
impulse of a polarity determined by the breaker auxiliary switch is sent 
over the indication wire to operate the indication relay in the dispatcher's 
office. Simultaneously a pick up circuit for the indication auxiliary relay 
is completed by the wiper of the .transfer bank. The indication auxiliary 
relay picks up and seals itself in through its own contact. 

Automatic Hydro-Electric Generating Stations. — In many 
pla(^ throughout the country there are small, undeveloped 
water power sites, which may be located near each other on 
the same stream. It is not economical in many cases to use 
the total head of water of the several sites for the development 
of one large plant. 

To develop each site independently, although a compara- 
tively small initial investment is involved, may not be an eco- 
nomical operating proposition if operators be maintained; but, 
by the installation of automatic control equipment, which 
eliminates the operating force, each independent site can be 
developed into an economical plant. 

Control schemes may be roughly divided into two classes: 

1. The remotely controlled automatic station, in which the 
alternator leads- run to the main station, where the aitematw 
is synchrcMiized by hand; 

2. The entirely automatic station, where the alternator is 
automatically synchronized into the transmission network. 

These control schemes are shown in the accompanjdng illus- 
trations. 


CUtM 4* — Continued from page 2,801. 

If ccmipdete automatic resetting be provided, this operai;ion takes place after a brief interval 
of two to three seconds in all cases. If partial automatic resetting be provided, the operation 
place in two to three seconds at the first failure when A, opens and B, closes. However, 
upon the second failure when B, opens, there is a time delay f commonly about IS aeconds) 
before A. rccloees. 
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TEST QUESTIONS 

1. What is a sub-station? 

2. Upon what does the selection of apparatus and gen^ 

eral arrangement of a sub-station depend? 

3. Give a classification of sub-stations. 

4 . How should a building be constructed for a sub- 

station? 

5. Draw a sketch showing general arrarigement of ma* 

chines and apparatus in a sub-station. 

6. What is an automatic sub-station? 

7. How is an automatic sub-station usually started? 

8. What kind of relay gives the stopping indication? 

9. Give the sequence of the various operations comprising 

the automatic feature of a sub-station. 

10. Describe a control system requiring pilot wires for a 

remotely controlled automatic station. 

11. Describe a control system which does not require a 

pilot wire. 

12. Describe a control system for an entirely automatic 

station. 

13. Make a sketch showing a wiring diagram of a typical 

automatic sub-station. 

14. Explain the operation of all the automatic devices 

shown in the sketch of question 13 . 

15. What is a semi-automatic sub-station'’ 

16. What methods are used in the operation of a semi- 

automatic sub-station? 

17. What automatic devices should be provided for semi- 

automaiic stations, and why’’ 
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18 . Give a comparison between automatic and semi~auUh 

malic stations. 

19 . Describe the automatic supervisory equipment. 

20 . Describe the synchrorwus visual system of supervisory 

control. 

21 . How does the code visual type work? 

22 . Explain the audible type. 

23 . Describe the operation of the synchronous selector 

type. 
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CHAPTER 91 

Power Plant Operation 

This chapter relates to the "management” of power plants 
and this term as broadly used here includes: 

1. Selection 4. Testing. 

2. Location. 5. Running. 

3. Erection. 6. Care. 

7. Repair. 

The designer of the plant, specifies or "selects'' the machines. An erector 
should install them, but usually this job is left to the man in charge who in 
most small and medium size plants is the chief engineer, who also must run, 
care for and repair the machdnes. 


Selection. — ^To properly select a machine so that it will prop- 
erly harmonize with the conditions under which it is to operate, 
there are several things to be considered. 

1. Type; 

2. Capacity; 

3. Efficiency; 

4. Construction. 

The type depends upon the system to be used. Thus, the voltage in most 
cases is fixed except on transformer sy^ems where a dxnce of voltage may 
be had by sdecting a transformer to suit. 
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In altanating current constant pressure transmission circuits, 
an average voltage of 2,200 volts with step down transfomer 
ratios of Vio and V 20 is in general use, and is recommended. 

For long distance, the following average voltages are recommended 

6 , 000 ; 11 , 000 ; 22 , 000 ; 33 , 000 ; 44 , 000 ; 66 , 000 ; 88 , 000 ; 

and higher, depending on the length of the line and degree of economy 
desired. 

In alternating circuits the standard frequencies are 25 and 60 
cycles. These frequencies are already in extensive use and it is 
recommended to adhere to them as closely as possible. 

In fixing the capacity of a machine, careful consideration should be given 
to the conditions of operation both present and future in order that the 
resultant efficiency may be maximum. 

Most machines show the best efficiency at or near full load. If the 
load be always constant, as for instance, a pump forcing water to a given 
head, it would be a simple matter to specify the proper size of machine, but 
in nearly all cases, and especially in electrical plants, the load varies widely, 
not only the daily and hourly fluctuations, but the varying demands depend- 
ing on the season of the year and growth of the plant's business, AU of these 
conditions tend to complicate the matter, so that intelligent selection of 
capacity of a machine requires not only calculation but mature judgment, 
which is only obtained by long experience. 


In the application and selection of rotating apparatus the fol- 
lowing suggestions as given by the National Electrical Manu- 
facturers Association should be noted. 

Proper Selection of Apparatus. — Extreme care should be used 
in the proper selection of apparatus in order that satisfactory 
operation and good service will result. 

Where the apparatus is subjected to unusual rLsk, the engineering <tepart- 
ment of the manufacturer should be consulted; especially where the appa- 
ratus is used imder the following conditions: 1, exposed to acid fumes; 2, 
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operated in damp places; 3, where an exceedingly high speed is required; 4» 
exposed to flour dust; 5. exposed to gritty dust; 6, exposed to steam; 7, oper- 
ated in poorly ventilated rooms; 8, operated in pits, or where entirdy 
enclosed in boxes; 9, where the maximum operating temperature of the 
apparatus exceeds 90"* C . 

Contrary to general belief a synchronous motor will not 
exert its maximum power factor correction when operating as 
a synchronous condenser, but will do so when carrying me- 
chanical load at leading power factor. 

The characteristic curve shown in fig. 4,807 is from a self-excited syn- 
chronous motor. It will be seen from the diagram, that this motor will cor- 
rect poor power factor conditions and at the same time carry the load of a 
similarly rated general purpose induction motor. 

In general, the amount of power factor correction which a 
synchronous motor exerts may be varied at will, within the 
design limits of the motor, by varying its field excitation. 

Synchronous motors evidently furnish the ideal means to 
boost low, lagging power factor, particularly because they may 
be employed as power motors and at the same time correct 
poor power factor conditions. 


Usea of Single Phaae Motors 


Type 



Adaptation 

Split 

phase 

... 1 

]/20 
to H 

Constant 

1 

Used upon ordinary lighting circuits to 
drive novelties, sign flashers, washing ma- 
chines — ordinary torque. 

Repulsion- 

induction 

Hto 
10 h.p. 

Constant 

Used upon ordinary lighting circuits. Ap- 
plicable to machines requiring high starting 
torque and where low starting current is 
desired. Pumps, compressors, etc. 
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U9e9 of Polwphme Motor9 


Type 

1 

Power 

Speed 

Adaptation 

Squirrel 

cage 

«to 

50k.p. 

Constant 

Light group and individual drives requiring 
constant speed. No sliding electrical con- 
tacts. Us^ in textile^millfi. etc.» where in- 
flammable dust or gases are encountered. 

Wound 

rotor 

Hto 

so h.p. 

Constant 

Used with large group or individual drives 
requiring high starting torque and low start- 
ing current Used on heavy planers, plunger 
pumps, applications using flywheels, etc. 

Wound 

rotor 

Hto 
50 h.p. 

Varying 

By means of secondary control, 50% speed 
variation. Used on pumps, compressors, 
fans, etc. Same motor as used for constant 
speed. Varying speed obtained by second- 
ary control. 


4001 



10 20 50 40 50 60 TO 60 90 100 

PCR C£NT SYNCHRONOUS 5Pe.ED 


Pto. 4«805. — Speed torque characteristics of Ideal 25 h.p., 440 3 phase. 1.800 

•aaeral purpoae type, self excited synchronous motor. This motor starts as an ordteary 
sq ui nat cage motor with torque character»tica simUar to the hich toroue squincl cafe 
motor, in gmnmral it is not recommended that the motor be start^ on full line voltafs. 
Manual startinc can be accomplished by means of the ordinary mduoed voltage type of 
oompensator used for stalling inductioD motors. For remote control the automatic eaai> 
pensator may be used with push button stationa. Alter the motor attains ap pro rim ata 
eimchronous speed it automatically becomes a self-eadted synchronous motor. Bast wg- 
aolta are usually obtained with approxinmtely 90% ncmar factor at full load. 
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SynchronoiM Motws for Power and Power Faetor Correc* 
tion. — It may be stated that the crowning feature of syn- 
dironous motors is their two fold use. They deliver, at con- 
stant speed, mechanical power and simultaneously imjaxwe bad 
power factor conditions. Though ordered as power motors to 
(q)erate at unity power factor only, still in addition they may 
be called upon to exert their beneficial tendency wi systems 
where low power factor prevails. 



PER CENT POWER FACTOR 

Fig. 4,806. — Curves showing losses for various power factors. Owing to the undue increase 
in power and line equipment necessitated by consumers operating at low, lagging 
liactor, it is obvious why central stations and power companies have taken a very unfriendly 
attitude toward consumers who operate at low, lagging power factor, and the increaa^ 
tendency prevails to penalize such consumers by imposing a heavier power rate. At the 
present time some power companies are givmg a bonus or rebate to consumers who use 
synchronous motors and therefore operate at a high power factor, because as is appa»nt 
from the above, this operation has a direct bearing on the eccmomy of the central station. 

Any electrical system furnishing power supplies current at a certain 
rated voltage, and the power consumed is proportional to ^e product of 
both. A system supplying alternating current is maintaining current at 
a certain power factor. This means that only part of the current is JMO- 
ducing power while the balance is furnished as wattless current,^ which 
must be maintained for the operation of certain motors and equipment 
feeding from the supply. Onlv the watt cuirent produces useful work. 
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The wattless current on the other hand requires the same attention and 
equipment in alternators, transformers, lines, etc., as^does the watt cur- 
rent and pnxiuces the same losses in this equipment as does the watt or 
power current. The curves in fig. 4,806 show these losses increase as the 
power tactor falls off, which actually means very mudi lowered eflSdency 
both inside and outside the consumer's i^ant. In other words, not only 
the user but also the central station supplying the power must increase 
the equipment of alternators, transformers, lines, feeders, etc., to take care 
of these losses. 



20 ^ 60 eo 100 120 160 160 180 200 

PtR CCNT OF FULL LOAD 


Fm, 4,807. — ^Power factor curves of Ideal self-excited synchronous motor and squirrel caga 
aiotor both rated .at .25 k.p., 440 volts, 3 phase, 60 cycle, 1,800 s.r.p.m. It ahoiUd Sa 
nofad that with the vrindings provided fw 90% leading power factor at full load, the power 
factor at 80 % load is 80 % pj. leading at 60 % load, 65 %p.f. leading, etc. When the motor 
is loaded to approximately 150% of full load the power factor is unity. The shaded area 
represents the leading kea. that this motor is capable of developing over the load range 
shown. Daring the starting period no excessive currents are carried in the auxiliary direct 
current winding of the armature; therefore, there is no poesibility of damaging this winding. 
All heavy secondary starting currents are localixed in the squirrel cage winding of the poie 
feces. No secondary resistance is required as the motor starts as an ordinary squirrel cage 
inductkm motor. As soon as synchronous operation is attained the pull out or break down 
torque is approximately 200 to 225% of full load torque, depending upon the field adjust- 
ment. This type synchronous motor is adapted for driving all kinda of madiinery whidi 
require relatively high speed motors such as centrifugal pumps, line shafts, etc. SulAcient 
starting torque is available to start any load which a normal aquirrel cage induction motor 
will start. 


Applicfttfon of “General Purpose" Motors. — ^AU perfdxmanoe 
guarantees given relate to the normal 40° C. rating and remain 
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tuidianged ^iien the permissible loading indicated by the service 
fatctor is utilized. 

Performance guarantees of momentary overloads, starting and pull out 
torque are all given as a percentage of the normal 40*C. rating, thm being 
no change in the bask design of the motor or the pounds starting and pull 
out torque by the use of the conventional service fector. 

In general, slight differences in efficiencies and power fhctors may be 
expected at the permissible loading indicated by the service foctor. 

The normal 40** C. general purpose motor is designed for oontinuoiis 
duty, 100% loading, an ambient temperature not exceed^ 40 *’C.,anallow« 
able variation from rated frequency of 5% or a combined variation of volt- 
age and frequency not exceed^ 10%. ^en authorized by the manufac- 
turer, such a motor operated at its rated voltage (and rated frequency in 
the case of alternating current motors) will carry continuoudy 1.15 times 
its rated load. This frctor of 1.15 shall be known as a service fruitor. 

Usual Service Conditions fen* General Purpose Motors.—* 

General purpose motors are designed to give successful opera* 
tion at rated load under the following service conditions defined 
as usual: 

1. An ambient temperature not exceeding 40*" C. 

2. A variation in voltage of not more than 10% above or bdow the nams 
(date rating. 

3. A variation in frequency of not more than 5% above or below 
name plate rating. 

4. A combined variation of voltage and frequency of not more than 10% 
above or below the name plate rating, providing the frequency do not 
exceed 5% variati(m. 

5. An altitude not exceeding 1,000 meters (3,300 ft.). 

6. Location or atmosphere conditions as to dust, moisture or fumes 
which will not seriously interfere with the ventilation of the motor. 

7. Solid mounting and all belt drives and gearing in accordance with rules. 

In goieral, the service conditions to which such motors are subjected m 

uncontrolled and not subject to exact determination, and the basis of rating 
chosen provides a factor of safety of 10^ C . temperature rise. 

Effects of Variation of Voltage and Frequency upon the Per* 
formance of Induction Motors. — Induction motors are at times 
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operated on circuits of different voltage or frequency from that 
for which the motors are rated. Under such conditions, the per- 
formance of the motor will vary from the standard rating. The 
following is a brief statement of some operating results caused 
by small variations of voltage and frequency, and is indicative 
of the general character of changes produced by such variations 
in operating conditions: 

1 . Voltage variations of 10% on power circuits are allowed in most com- 
mission rules. However, changing the voltage applied to an induction 
motor has the effect of changing its proper ratinjf as far as power factor and 
efficiency are concerned, in proportion to the square of the applied voltage. 

Thus A 5 k.p. motor, operated at 10% above the rated voltage, would have characteriatica 
proper for a 6 k.p. motor (6.05 h.p. to be exact) and at 10% below the rated voltage, those 
of a 4 k.p. motor fmore exactly 4.05 h.p.) . It is of course obvious that if the rating of a motor 
were greatly increased in this way. the safe heating would frequently be exceeded. 

2. In a motor of nonnal characteristics at full rated horse power load, a 
10% increase of voltage above that given on the name plate would usually 
result in a slight improvement in efficiency and a decided lowering in power 
factor. A 10% decrease of voltage below that given on the name plate 
would usually give a slight decrease of efficiency and an increase in power 
factor. 

3. The starting and pull out torque will be proportional to the square of 
the voltage applied. With a 10% increase or decrease in voltage from that 
given on the name plate, the heating at rated hoise power load will not 
exceed safe limits when operating in ambient temperatures of 40® C or less, 
although the usual guaranteed rise may be exce^ed. 

4. An increase of 10% in voltage will result in a decrease of slip of about 
17% while a reduction of 10% will increase the slip about 21%. 

5. Higher than rated frequency usually improves the power factor, but 
decreases starting torque, and increases the speed, friction and winda^. 
At lower than rated frequency, the speed is, of course, decreased; starting 
torque is increased; and power factor slightly decreased. For certain kinds 
of motor load, such as in textile mills, close frequency regulation is essential. 

6. If variations in both voltage and frequency occur simultaneomly, the 
effects will be superimposed . Thus if the voltage be high and the frequency 
low, the starting torque will be very greatly increased, but the power factor 
will be decreased and the temperature rise increased with normal load. 
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The foregoing facts apply particularly to g^eral purpose motoTB. They 
may not always be true in connection with special motors built for a par- 
ticular purpose, or as applied to very small motors. 

DeAnitionB 

Ambient temperature ^ — ^The temperature of the air or water which, 
coming into contact with the heated parts of a machine, carries off their 
heat. The standard ambient temperature of reference when the coding 
medium is air, shall be 40*" C. 



Fio. 4,808. — Torque characteristics of Ideal 2S h.p. double squirrel cage induction ^tor. 
The gain in efficiency of this type of motor over the standard sqiiirrel cage motor is due 
to the fact that the inner squirrel cage winding is made of very low resistance material and 
the rotor loss at full speed, full load reduces to an almost negligible value. In the old type 
of motcH* it was necessary to have considerable rotor resistance and therefore heavy rotor 
losses in order to gain sufficient starting torque. 


Brush dimensions , — The kngth of a brush is the maximum dimendon 
in the direction in which the brush feeds to the commutator or collector ring. 
The thickness of a brush is the dimension at right angles to the length in the 
direction of rotation. The width of a brush is the dimension at right angles 
to the length and to the direction of rotation. 

Conducting parts , — Those which are designed to carry current or 
which are conductively connected therewith. 
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Connection diagram.— k diagram showing the relations and connec- 
tibns of devices ahd aj^aratus of a drcuit or group of circuits. 

Contact . — surface common to two ocmducting parts, united by pres- 
sure for the purpose of carrying current. 

Continuous duty.—k requirement of service which demands operatioa 
at subitantially constant load for an unlimited period. 

Endowed machine . — machine whidi is so completely endosed by 
intepal or auxiliary covers as to practically prevent the circulation of ak 
thrOMgh its intericM’. Such a machine is not necessarily air tight. 

Grounded parte . — ^Those parts of apparatus connected to ground or 
iriuch may be considered to have the same potential as the earth. 

Ineuiating bushing.— A bushing which insulates a through conductor 
from the material through which the conductor passes. 

intermittent duty . — ^A requirement of ormtion or service consisting 
of alternate pmods of load and rest so apportioned and regulated that the 
temperature rise at no time exceeds that specified for the particular class of 
apparatus under consideration. 

Leads . — Insulated conductora, flexible or solid, furnished connected to a 
device or piece of apparatus. 

Open machine . — ^A machine of either the pedestal bearing or end 
bracket type, with no restriction as to ventilation other than that imposed 
by good mechanical construction. 

Periodic duty . — A requirement of service which demands operation lor 
alternate periods of load and rest in which the load conditions are wdi 
defined and recurrent as to magnitude, duration and character. 

Protected machine . — ^A machine in which the armature, Add coils and 
other live parts are protected mechanically from accidental or cardess con- 
tact, while free ventilation is not materially obstructed. 

Eating . — ^A rating of a machine, apparatus or device, is an arbitiary 
designation of an operating limit. 

Eemi^eruilosed machine . — ^A machine in which the ventilating open- 
ings in the frame are protected with wire screen, expanded metal, or pa> 
forated covers, the openings in which must not exceed sq. in. in area and 
must be of such shape as not to permit the passage of a rod larger than in. 
in diameter. 
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Varying duty . — requirement of opmtion or service in wfakh tlie 
yppmtoB is called upon to run at loads* and for periods of time* which may 
tie subject to wide variation* but which are in no case sufficient to cause the 
maximum temperature rating to be exceeded. In no instance ^lall the 
no load losses be sufficient to cause the maximum temperature rating to be 
exceeded in any part under no load continuous operation. 

Weatherproof apparatue.—AppmtuB so constructed or protected 
that exposure to the weather will not interfere with its successful operation. 


Cannections and Markings of Terminals. — ^The purpose of 
applying markings to the terminals of electric power apparatus 
according to a standard is to aid in making up connecticms to 
other parts of the electric power system and to avoid improper 
connections which may restilt in unsatisfactory operation or 
damage. 

The markings are placed on, or directly adjacent to terminals 
to which connections must be made from outside circuits or 
from auxiliary devices which must be disconnected for ship- 
ment. They are not intended to be used for internal machine 
connections. 

The markings consist of a capital letter of the alphabet followed by a 
subscript numeral (Arabic) . The letter indicates the character or function 
of the winding which is brought to the terminal. 

A terminal letter foUowed by the subscript numeral designates a 
neutral connection. Thus To would be applied to the terminal on the con- 
nection from the neutral point of a stator winding. 

The subscript numerals 1* 2* 3* etc.* indicate the order of the phase suc- 
cession for standard direction of rotation. This standard direction of rota- 
tion for alternators and synchronous motors is clockwise when facing the 
end of the machine opposite the drive. 

It is customary to connect up the coil windings and place the odlector 
rings on this end. 

In a synchronous converter the sequence of the subscript mamerals 1, 2, 
3 applied to the collector rii^ leads Mi* Mt, Mi indicates that when the 
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collector ring leads are connected to correspondingly numbered terminals of 
a three phase alternator, the standard rotation of ^e alternator (clockwise 
facing the end opposite the drive) will cause the direction of rotation, which 
is clockwise when viewing the direct current or commutator end. 

On single phase transformers the subscript numerals indicate the polarity 
relation between terminals on primary and on secondary windings. Thus, 
during that part of the alternating current cycle when high tension terminal 
Hi, IS positive (+) with respect to Hi, in the same part of the cycle the low 
tension terminal Xi. is positive with respect to Xi. The idea is further car- 
ried out in single phase transformers having tapped windings, by so applying 



Ptos. 430s to 4,812 .-^Connections and terminal markings for altematoni and syndironoiia 
motors acovding to N. E. M. A. standard. Fig. 4,809, single phase; fig. 4,810, two phase; 
fig. 4,811 , three phase; fig. 4,812, three j^ase with neutral connections brought out. Stand- 
ard phase and rotcx' rotation clockwise, facing the end opposite the drive. 


to the taps the subscript numerals 1, 2, 3, 4, 5, etc., that the voltage 
gra^ent follows the sequence of the subscript numerals. In the case of 
polyphase transformers, the terminal subscript numerals are so applied that 
if the phase sequence of voltage on the high voltage side is in the time order 
Hi, Hi, Ha, etc., it is in the time order Xi, Xs, Xa, etc., on the voltage side, 
and also in the time order Yi, Ya, Ya, etc., if there be a tertiary winding. 


Rotor and Phase Rotation.— Alternators driven counter 
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clockwise (clockwise is standard) will alternate \nthout change 
in connections, but the phases will follow the sequence of 3. 2, 1 , 
instead of sequence, 1, 2, 3, etc. Synchronous motors, syn- 
chronous condensers, induction motors and synchronous con- 
verters may be operated with reversed rotation by so transpos- 
ing connections that the phase sequence of the polyphase supply 
is applied to the terminals in reversed order for example 3, 2, 1. 

With synchnmous converters, the practice of alternating current starting 
eliminates residual ma^etism as the factor determining the direct current 
polarity. Proper polarity for connection to other apparatus is, therefore, 
secured either by separate excitation of the held, or by special manipulation 
of a switch which permits the converter to reverse its direct current polarity, 
thus correcting a start with wrong polarity. 

If a synchronous converter is to be operated with reversed direction of 
rotatuni (counter clockwise viewing the machine from the commutator end) 
it is necessary to make a transposition of the armature leads, or a tranqio. 
sition of the held leads, besides transposing the alternating current termi^ 
ooimections as in the case of a dynamo. 

Rating of Alternators. — ^These machines are rated at the load 
they are capable of carrying continuously without exceeding 
their temperature guarantees. The rating shall be expressed in 
kva. available at the terminals at .8 power factor. The cor- 
responding kilowatts should also be stated. 

Standard voltages are 240, 480, 6(X) and 2,400 and standard frequencies 
are 25 and 60 cycles per second. The standard excitation voltage for held 
wincUngs shall be 125 volts dx. Standard general purpose alternators shall 
operate successfully at power factors at least as low as .8. 

Vtdtage Taps of Transformers. — Standard distribution trans- 
formers, sizes 200 kva. and smaller, wound for voltages below 
the 6,600 volt class are not provided with taps. 

with connections properly made up for standaixl rotation (clockwiae) 
will not function if driven counter clockwiae as any small current delivered by the armature 

to detnaRnetiae the (kids and thus prevents the armature delivenn^ current. H the 
oonditkma call for reversed rotation, connections should be made up with either the annatura 
leads tracapo^ or the field leads transposed. 
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Figs. 4.813 to 4.818.— JU«td markingns •ingla phase transformere. A and B. ainple high and 
low voltace windings without taps; C and D, stmple high and low woltage windings, with 
taps; E, series parallel low voltage winding without tape; series parallel low roltafe 
winding, with taps. The leads are marked. 

NOTE. — Tnmaformar name piatm marking. — All transformer n a m e plates Include as 
a mininium the following information: 1. smial number; 2, tnw; 3. number of phaaem 4t hm 
and time rating: 6. voltage rating; 6, fosqoenor; 7. temperatiire rise; 8. poiaritr (tor ilngfo 

. ^ 
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Standard ain^e phase distribution transformers 200 kpa, and smaller of 
the 6»€00 volt dass or for hifiher voltages are provided with taps in the faiidt 
voltage winding for approndmatel/ 5 and 10% vdtage variation. 


Standard single phase distribution transfcxmiers, staes above 200 ibo. are 
provided with tai» in the high voltage winding to 10% voltage variatkai 
^ steps of approximately 2^%. 



X|X^ 


Standard three phase 
distribution transfonneia 
above 200 iba. wound to 
voltages below the 6,600 
volt dass, are provided 
with taps in the volt- 
age winding to approx- 
imatdy 5 and 10 per cent 
voltage variatkm. 

Standard three fdiaae 
distribution transtomers 
of the 6,600 vdt dass and 
above are provided with 
taps in the high voltage 
winding for approximately 
5 and 10 per cent voltage 
variation. 

The low voltage wind- 
ings of distribution trans- 
formers of standard vdt- 
age ratings are not pro- 
vided with taps. 


gm. 4,819.— CoanMticma for alngle phase transfonaers in paraUal Utustfatias 1 up fat 
traosioitiiers of additive polarity, subtractive poiarity. and additive and subtractSva 
potarity. 
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In^llation. — The placement of machines and apparatus in 
an electrical station is a task which increases in difficulty unth 
the size of the plant. When the parts are small and compara- 
tively light they may readily be placed in position, either by 
hand, by erecting temporary supports which may be moved 
from place to place as desired, or by rolling the parts along on 
the floor upon pieces of iron pipe. If, however, the parts be 



^IG. 4,820. — Cross tection of electrical station showing small traveling crane. 

arge and heavy, a traveling crane such as shown in fig, 4,821 , 
)ecomes necessary. 

Care should be taken not to injure the bearings and shafts, 
he joints in magnetic circuits such as those between frame and 
ole pieces, and the windings on the field and armatiire. 

The insulations of the windings are perhaps the most vital parts of a 
generator, and the most readily injured. The prick of a pin or tack, a 
bruise, or a bending of the wires by resting their weight upon them or by 
their coming in contact with some hard substance, wiU often render a field 
coil or an armature useless. 
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Owing to its costly construction, it is advisable when transporting 
armatures by means of cranes to use a wooden spreader, to prevent the 
supporting rope bruising the winding. 


When the armature cannot be placed at once in its final 
position, it may be laid temptnarily upon the ilocn:, if a sheet of 
cardboard or cloth be placed underneath the armature as a 



Fig. 4 321 .--Cross section of electrical station showing a traveling crane ior the installation 
or removal of large and heavy machine parts. The track upon which the crane moves is not 
supported by the walls of the building, but resU upon beams specially provided for the 
purpose. In addition to the horizontal motion thus obtained, another horizontal motion at 
right angles to the former is afforded by means of the carriage which, being also mounted 
on wheels, runs upon a track on the top of the beam. In the larger sizes of electric traveling 
crane, a cage is attached to the beam for the operator, Who, by means of three controllers 
mounted in the cage, can move a load on either the main or auxiliary hoist in any direction. 

protection for the windings; in case the armature is not to be 
used for some time, it is better practice to place it in a horizontal 
position on two wooden supports near the shaft ends. 

Fexr belt driven machines the base should be provided with 
V ways and adjusting screws for moving the machine horizon' 
tally to take up slack in the belt, as shovra in 8g, 4,^22. , , 
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Owing to the nonnal tension on the belt, there is a moment exerted eqpid 
inamonnt to the distance from the center of gravity of the machine to the 
center of the belt, multiplied by the effective pull on the belt. This fooe 
tends to turn the machine about its center of gravity. By i^ladng the 
screws as shown, any turning moment, as just mentioned, is prevented. 



Ao. 4.822.—- Plaa of belt driven machine ehowini^ V waye and adjustins ecrews for movlaf the 
forward from the engine or counter shaft to take up slack in the belt. 

How to Use Belt Speed Table. — In order to facilitate the cal- 
culation of belt speed in feet per minute, when the correspond* 
ing motor speed and pulley diameter is loiown, the table on the 
following page will be of assistance. 

JEmmpZc.— Assume the full load speed of a motor, having a pulley whose 
diameter is 11 inches, to be 1,750 what is the corresponding belt 
qpeed? 

Solution * — On the'1,750 line in the table read the figure corte- 

^xmding to a pulley diameter of 11 ins. whidi is 5,040. In other words, when 
an 11 indi diameter pulley rotates at 1,750 revolutions per minute, a hdtim 
this pulley travels at a speed of 5,040 feet per minute. In a sinUlar manner 
belt speed of motos whose r,p.tn, and pidley diameters are given in the 
tidde. may be read directly without cakiuation. 
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TaUs I— Bdf SpcMif 



The above table is based on the formula: 


Belt speed in feet per minute ^ 

3J416Xpttlley diameter in inches Xrpm 


12 
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The length of belts is found by various methods such as: 

1. Direct measurement 

2. Calculation 

3. Scale 

Direct Measurement. — This is the simplest and imdoubtedly 
the safest method as well. A steel tape carefully adjusted over 
the pulley crowns will give the length of belting required. To 
this should be added a reasonable amount of material for joint- 
ing as required in each individual case. 

Calculation. — ^The calculation method is useful in locations 
where a direct measurement cannot readily be obtained. In 
many instances it may be necessary to obtain the length of belt- 
ing horn blue prints where only shaft center distances and pultey 
diameters are given. This as a matter of fact, is most often tlm 
case especially on new constructions, where the entire plant 
machinery is laid out on drawings according to a carefully 
engineered plan. 

In belting up such a plant it is imperative that the millwright 
has the knowledge necessary to intelligently cut and assemUe 
belts without undue waste of material. 

Generally, belts may be divided into two groups: 

1. Belts driving their connecting pulleys in the some'direction w Open 

Belts. 

2. Belts driving their connecting pulleys in the oppoftit .direction or 

Craned Belts. 

Formula for Xength of Crossed Belts.— With reference to 
fig. 1 the exact length (L) of a crossed belt may be written 
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L“'(»+^X0) (R+r)+2xCco8 ^ ( 1 ) 


Where R » radius of the larger pulley 
r* radius of the smaller pulley 
C» distance between shaft centers 


R-4-r 

4 > « angle whose sine is 


Although this formula is found in most handbooks in one 
form or another, it should perhaps not be used unless the reader 
clearly understands its derivation. 
e 



The length of the belt with reference to the illustration is simply found 
by adding up the various elements involved. Thus, starting with the larger 
of the two pulleys, the length of pulley arc indicated by angle ^ is 


2irR 

360 


X^, 


but inasmuch as there are two such elements their combined 


lengths are 


. 4irR 

360 




In a similar manner the arcs on the smaller pulley are obtained as 
Adtr 
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To the four arcs should finally be added twice the BF, and hdf 

the circumference of each pulley. 

The length (L) of the belt is hence 


which 


after re-arrangement of terms becomes 




+2 C 008 ^ as previoudy written. 


If the radius of the pulleys be substituted for their diameters zeq)eclivdy 
the formula becomes 


■H) (^) 


-t-2 C cos 


.( 2 ) 


A somewhat simple^w formula giving the approximate length QL) of a 
Grossed belt is— 

<?) 

Example , — If in a cross belt transmission drive the pulley shaft distaiice 
be 10 ft. and the pulley diameters are 54 ins. and 9 ins. what length of bdt 
should be used? 


Solution , — Inserting values in formula (2) and remembering that the 

angle ♦ fig. 1 is that angle whose sine is then «n ♦-lll.oiieZS- 

from a table of natural sines and cosines the corresponding angle ^ is 15.2 
d^Erees. 


Substituting numeriral values^ 


L 


/ \ /4.50-f0.75\ 

( 3.14+0.035x15.2 ) ( g ) 


+2X10X0.9650 


firom which L»*28.93 ft., say 29 ft. 
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Formidafor Le^fhof OpenBdto.— Omtrary tothe case of a 
crossed belt, the exact kn^ of an open belt is someaiiat difiEh 
cult to obtain; however, an approximate fmnula in which the 
enocB do not exceed practical limitations is derived from fig. 2. 


If the length between the pulley centers (C) be given, and the pulley 
diameter be req)ectively (D) and (d), then the length of the belt is— 



F!iq. 2. — Diagrain for calculation of length of an open belt. 


Example * — ^The shaft center distance between two pulleys in an open 
belt drive is 12 it. If the pulley diameters are 4 ft. and 1 it. respecti^y 
what is the length of belting required? 

Solution * — Substituting values in formula (4) 
L-T(4+1)+2V12*+1.5» or 

A 

L-^+2 >^146.25 -7.854+2x12.1 -32.054ft.,«iy 32 ft. 
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Scale Method. — ^This method consists of laying out the 
pulley set at their proper distance apart, either full size or in a 
suitable scale and measure the length of the side of the belt, 
assuming the belt to envelop one half the circumference of each 
pulley, and to add to this, one half the circumference of each 
pulley. 


Length of Belts for Equal Size Pulleys. — ^When the pulleys 
are of the same diameter, or nearly so, the length of an open 
bell may be obtained as follows: 


Add together in inches the diameter of the two pulleys, then 
divide the result by 2; now, multiply the quotient by (x) or 
3.14. Finally add in inches twice the distance between the 
pulley centers. 

If this be written algebraically, we have 


L=-^^±^+2 C (5) 

where 

L= Length of belt in inches 
D = Diameter of the larger pulley in inches 
d = Diameter of the smaller pulley in inches 
C* Distance between pulley shaft centers in inches. 


Example , — How many feet of belting is necessary to connect two pulleys 
of 28 and 21 inches diameter respectively, when their shaft center distance 
is 18 ft. 6 ins.? 

Solution, — By employing the previously enumerated rule or formula^ 


L»^^^J^3.14+2x 12X18,5 * 520.93 inches or43ft.5toB. 
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Belt Tendon and Horse Power. — With reference to fi®. 3 
the power ti^smitted from one pulley to the other is directly 
proportional to the difference in tension (Ti-T*) and the speed 
of the belt. 



If (Ti-Tj) be measured in pounds and the belt speed (V) in 
ft. per minute, the horse iwwer (h.p.) transmitted may be 
written: 


H.P. 


(T,-T,)V 

33,000 


( 1 ) 


but since the speed V^rXDxN it follows that 


where 


HP ^(Tt-TOxXDxN 
■ * 33,000 

D « pulley diameter in feet 
N ^revolution per min. of pulley shaft 
w=3.1416 


( 2 ) 
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Sxample.— The full load speed of a motor having a 9 in. diameter pulley 
is 850 r,p.m. If the high and low tension pulls are 150 lbs. and 30 lbs. wh^ 
is the horse power transmitted to the belt? 

Elution.— Substituting numerical values in the formula the horse 
power — 

_(150 -30)tX9/12X850_^^ 

33:000 7.28.ay7MH.P. 

The customary method of expressing the amount of slack side tension 
(Ts) necessary for a successful drive is in the form of a ratio commonly called 
^e tension ratio. This ratio is written Ti/Ts and usually varies over rather 
large limits, depending upon pulley diameter ratios, center distances, pulley 
gripping quality, type of belting employed, etc. 

Millwright’s Roles for Determfoation of Belt Sizes.— For a 
given condition the minimum belt width is determined by the 
horse power to be transmitted, and the speed of the belt. 

The millwright's rules are as follows: 

Rule 1 . — A single belt 1 in. wide, running at 800 ft. per nun. will deliver 
approximately 1 horse power (up to about 4000 r.p.w,). 

Rule II . — A double belt 1 in. wide, running at 500 ft. per min. will de- 
liver approximately 1 horse power (up to about 4000 r.p.m.). 

These rules will give wide margins of safety in ordinary power transmis- 
sbn when the speed of the belt does not exceed 4000 ft. per min. Above this 
speed the centrifugal effects due to the belt weight begin to be rather appre- 
ciable and should therefore be included. 


For heavy transmission and speed exceeding 4000 ft. per min. the above 
rules should be checked with the manufacturers* recommendation. 

As it is more convenient for calculation purposes to express rules in 
algebraic forms, thus for single belts. 


•.( 3 ) 
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tvtoe, 

Bw">Belt width in inches 
V eBelt speed in ft. per mmuta 
HP, a* Horse power transmitted 
Similarly for double belts, 

HP.X500 


Bw> 


.(4) 



Fko..4#-~lUu8trat€ft a belt transimtting one hone power. In the figure the tendon in tbs ti^ 
side of the belt is 34 pounds and in the loose side 1 pound. The driving force is therefore 
84-1 M 33 lbs. ^nce the belt is traveling at a velocity of 1,000 ft. per miiu tbs power trsno- 
xnitted 33 lbs. X XfOOO ft. 33,000 pound-feet 1 horse power* 


Operation of Alternators. — The operation of an alternator 
when run singly differs but little from that of a dynamo. 

As to the preliminaries, the exdter must first be started* This is done 
in the same way as for any shunt dynmo. At first only a small coirent 
should be sent through the field winding of the alternator; th^, if the 
esdter <^perate satisfactorily and the fidd magnetism of the operator show 
up well^ the load may gradually be thrown on until the notmal current is 
carried, the same meth^ being followed as in the case of a dynamo* 

On loading an alternator, a noticeable drop in voltage occuia 
actoBS its tenxunals. This drop in voltage is caused in pert by 
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the demagnetization of the field magnets due to the armature 
ctirrent. and so depends in a measure upon the position and 
form df the pole pieces as well as upon those of the teeth in the 
armature core. The resistance of the armature winding also 
causes a drop in voltage under an increase of load. 

Another cause which may be mentioned is the inductance of the armature 
winding, which is in turn due to the positions of the armature ct^ wi£h 
respect to each other and also with respect to the held magnets. 


Alternators in Parallel. — When the load on a staticm in- 
creases beyond that which can conveniently be carried by one 
alternator, it becomes necessary to connect other alternators in 



Fig. 4.S34 — Step splice for a rubber belt. For belts larger than 12 inches the step splice here 
shown 18 recommended. A lap joint is formed having three steps, three or four inches being 
allowed for each ply of duck. Care should be taken not to cut into the ply below when fonn> 
ing a step. A good quality of rubber cement should be applied to the prepared surface. Three 
coau should be used . each coat being allowed to dry before the next one is applied. The ends 
of the belt may then be firmly pressed together. The joint thus formed is reinforced either by 
means of sewing it with a light leather lacing or by inserting small copper rivets. When rivets 
are used, they should be placed about inches apart and the rows should be staggered. 


NOTE.^ForoWel operation of alternatora , — To operate altenmtors in parallel, the ma- 
chines must have; 1. the same rated voltage; 2, same frequency and‘3. similar characteristics. 
It is not necessary that the machines have the same output capacity. It is. however, of prime 
importance that the driving engine governors have the same characteristics. Even though 
the alternators be identical, division of the load between them will depepd entirely upon the 
steam supply to each. Tlie machine getting most steam will deliver the most load, the load 
of each will be proportional to the steam supplied to it. 

NOTE . — Parallel operation of alternatora . — ^The machines must be connected to give 
the same phase rotation . At the instant of cutting m. the phases of both machines must be the 
same, that is, in unison. 
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parallel with it. To properly switch in a new machine in 
parallel with one already in operation and carrying load, requires 
a complete knowledge of the situation on the part of the at- 
tendant, and also some experience. 

There are several methods of synchronizing or bringing the 
alternators in phase, as by the 

1. One dark lamp method; 

2. Two dark lamp method. 




Pic. 4r835.-^SynchroDizingi one dark lamp method. Assuming A, to be in operation. B, may be 
brought up to approximately the proper speed, and voltage. Then it B, be rvm a little 
slower or faster than A, the synchronizing lamp will glow for one moment and be dark the 
next. When the lamp remains dark the machines are in synchronism and switch may be 
thrown in. 

Fig. 4,836. — ^Synchronizing, two dark lamp method. When the machines are in phase there 
will be no difference of pressure between the left hand terminals or between the right hand 
tenninals of the two machines. Hence, if the synchronizing lamps be connected as 
both will be dark, and tlie switch may be thrown in connecting the machines m parallel. 


3. Brilliant lamp method, or 

4. By use of synchronism indicator. 

These methods are given in the accompanying illustration*. 
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Tte amnections for operating alternators in parallel are sbown in fig. 
4.835. In the illustration the alternator A, is in operation and is supplyi^ 
current to the bus bars. The alternator B. is at rest. The main pole sadtch 
bjr means of which this machine can be connected into circuit is therefore 
open. 

Now, if the load increase to such mctent as to require the service of the 
second alternator B, it must be switched in parallel with A. In order tbst 
both machines may operate properly in pandlel, three conditions must he 
mtisfied before they are ooniiected togetto, or dse the one alternator will 
be short circuited through the other, and serious results will undoubtedly 
follow. 


Accordingly before closing main switch B, it is nece s s a ry that 

1. The foequendes of both machines be the same; 

2. The machines must be in synchroxfism; 

3. The voltages must be the same. 

The freqiiencies are made the same by speeding up the al* 
ternator to be cut in, or changing the speed of both until 
frequency of both madiines is the same. 

In syndironizing by the one dark lamp method, it is advisable 
to cloM the switch when the machines are approaching syn- 
chronism rather than when they are receding from it, that a to 
say; the instant the lamp beonnes dark. 

An objection to the one dark lamp method is that the filament of the bmp 
may break, and cause darkness, or Uk bmp may be dark with oomnderabb 
voltage as it takes over 20 volte to cause a 100 volt bmp to glow. 


NOTE.— To aiart two aitmrnotora aimuttanoomoig. — Att/er bringing oach of them up 
to it! proper speed eo ne to obtain equal fraquenciee. the main ewitchee may be cloeed, thereby 
iotaung thebr annature circuits in parallel. Ae yet, however, their reepe^ve fold windimse 
have not been eupplied with current, to that no harm can result in doing tide. The eadtHre 
of these machinee after being joined in parallel, should then be made to aend dx. aimultane- 
ouely through the fold windings of the dtematore, and from this stage on the diiectione pre- 
vioiMty given may be followed in detail. 

NOTE.— Alfornofore drioon for goe mngtnm ehould have amortiaaear winding! to ooan- 
teract the tendency to hunting when run in perabel. Thie counteractHm ia dua to the fact 
tlmt any auddcn change in the speed of the fold, generates a current in the amortiiieur wihtffng 
which mtete the chaw of velocity that ca u se d the cuneut. 
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The vdtage of an inooming machine may be adjusted so that it will be 
the same as the one already in operation» by varying the eadtatioa 
with a rheostat in the alternator fieid circuit. 

In synchronising three phase alternators, three lamps are necessary only 
to insure that the connections are properly made, after which one lamp is all 
that is required. 

If in synchronizing as in fig. 4,838 the three lamps become 
bright or dark simultaneously, the connections are correct; if, 
this action take place successively, the connections are wrong. 
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to the other alternators, adjusting fidd rheostat to obtain 
minimum current; 

2. Open main switdi; 

3. Open field switch. 

Ntver open field switch bef<M% main switch. 

The ordinary method of cutting out an altematoi is to open 
the main switch without any preliminaries, but an objection to 
this procedtu^ is that it suddenly throws all the load on the 
other alternators, and causes "hunting.” 

Transformers. — The kind of efficiency of transformers the 
station master is interested in is the all day ^ficiency.* 

The usual all day efficiency is about 85 per cent for those of 1 kilowatt 
opacity, 92 per cent for those of 5 kilowatts capacity, 94 per cent for those 
ai 10 kilowatts capacity, and about 94.5 per cent for those of 15 kilowatts 
capacity. 

Mineral oil is used in oil cooled transfortners. It must be free from mai$^ 
Hire, To test, thrust a red hot iron rod in the oil; if it **crackle,** moisturs 
is present. The presence of moisture reduces the insulation value of the oil* 


Tranefarmmr DeAnitioru 

Ountinuous duty , — requirement of service which demands operation 
at substantially constant load for an unlimited period. 

BfHeieney , — ^The ratio of the useful power output to the total power 
input. 

Impedance drop , — Vector sum of the resistance drop and the reactance 
drop. 

Indoor tmneformer . — One which, because of its construction, must bi 
piotected from the weather. 


*MOTB . — Alt doe eftUimnee . — ^This etprawion, m oommoiiiy met with in practke, 
oatce the penmUoie tket the am e unt of merey actually ueed by the caunmcf it of ikt tael merer 

tuppHtd te kit iraetfermer during 24 keurt. 
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Intmrmittmnt duty*--A requirement of opmtioci or service oocuisting 
of alternate periods of load and rest so apportioned and regulated that the 
temperature rise at no time exceeds that specified for the particular dass of 
a|g)aratu8 under consideration. 

Load looses. — ^These include PR losses in the windings due to load 
current, stray losses due to stray fluxes in the windings, core clamps, etc., 
and in some cases with parallel windings, losses due to drculatiiig cuirent. 

JVo-loacf losses. — ^These include core losses PR losses in the winding due 
to exciting current and dielectric losses in the insulation. 

Outdoor transformer. — One which is so constructed or protected that 
exposure to the weather will not interfere with its successful operation. 

Bating. — ^The rated kva, is the output which can be delivered continue 
oi^y at rated secondary voltage and rated frequency without exceeding 
safe temperature limits. 

Baaetance drop. — Voltage drop in quadrature with the current. 

Reeietanee drop. -Voltage drop in phase with the current. 

Subtractive and additive polarity. — Imagine a single phase trans- 
former having two high voltage and two low voltage external termmals. 
Connect one high voltage terminal to the adjacent low voltage terminal 
and apply voltage across the two high volta^ terminals, llien, if the 
voltage across the unoormected high voltage and low voltage terminals be 
less than the voltage applied across the high voltage terminals, the polarity 
Is subtractive; while if it be greater than the voltage applied across the high 
ventage termi^s, the polarity is additive. 

Subway transformer. — One which is so constructed that it will operate 
successfully when submerged in water under specified conditions of pressure 
and time. 

Voltage taps. — A full capacity tap is a tap from a transformer winding 
on which the unit may be operate at rated kra. capacity without exceeding 
the spewed temperature rise. A reduced capacity tap is a tap on which 
the unit may not be operated at full capacity without exceeding the specified 
temperature rise. 

In the aelection of a transformer, one should be chosen, 
whose parts are so proportioned that the point of maximum 
efiidency occurs at that load which the transformer usually 
carries in service. 
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In many ax. installations, comparatively light loads are carried the 
greater part of the time, the rated full load or an overload being occurrences 
of short duration. For such purposes special attention should be given to 
the designing or selecting of transformers having low core losses rather than 
low resistance losses, because the latter are then of relatively small im- 
portance. 

The regulation of a transformer may be improved by decreasing the 
resistances of the windings by employing conductors of greater cross section, 
or decreasing their reactance by dividing the coils into sections and closely 
interspersing those of the primary between those of the secondary. 

In transformers where there is a great difference in voltage between the 
primary and secondary windings, however, this remedy has its limitations 
on account of the great amount of insulation which must necessarily be 
used between the windings, and which therefore causes the distances be- 
tween them to become such as to cause considerable leakage of the lines of 
force. 

For the satisfactory operation of transformers in parallel, 
they must be designed for the same pressures and capacities, 
their percentages of regulation should be the same and they 
must have the same polarity at a given instant. 

One may satisfy himself as to the first of these conditions by examining 
the name plates fastened to the transformers, whereon are stamped the 
values of the respective pressures and capacities of each. 

Although equal values of regulation is given as one of the conditions to 
be satisfied, transformers may be operated in parallel when their percentages 
of regulation are not the same. Ideal operation, however, can be attained 
only under the former state of affairs. 

To test a transformer for polarity, join together by means of a 
fuse wire, a terminal of the secondary winding of each trans- 
former, and then with the primary windings supplied with 

NOTE. — The effect of moiature is to reduce the insulati<m value of transfomier oil* 
.06 per cent, of moisture has been found to reduce the dielectric strength of oil alxHit 50 per 
:ent. **Dry'' oil will withstand a pressure of 25,000 volts between two 9^ inch knobs lepanitod 
.15 inch. 

NOTE .‘-^Regulation . — By definition, regulation of a machine or apparatus in regard to 
tome characteristic quantity (such as terminal voltage, current or speed) is the retie ef the 
ieaialton ef thrti euentity from its normal vaiue et rated load to the norraal rated toad potue. 
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AMmal voltage, connect temporarily the remaining terminals of 
the secondary windings. The melting of the fuse wire thus am* 
netted indicates that the secondary terminals joined together 
are of opposite polarities, and that the connections must there* 
fore be reversed, whereas if the fuse wire do not melt, it shows 
that the proper terminals have been joined and that the con- 
nections may be made permanent. 

The object of this test is, obviously, not to determine the exact polarity 
of each secondary teriPinal, but merely to indicate which of them are of the 
same polarity. 



Rotary Converters. — A rotaiy converter is a reversible 
machine; that is, if it be supplied with d.c. of the proper voltage 
at its commutator end, it will run as a d.c, motor and deliver 
o.c. to the collector rings. While this feature is sometimes taken 
advantage of in starting the converter from rest, the machine is 
not often used permanently in this way, its conunercial applica- 
tion being usually the conversion of a.c. into d.c. 

■When driven by d.c. a rotary converter operates the same as a 
dx. motor, its speed of rotation dependii^ upon the relation 
masting between the strength of the field and the direct current 
vDlt^e applied. 
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If the field be weak with respect to the armature magnetism resulting 
from the applied voltage, the armattire will rotate at a high speed, in- 
creasing until the inductors on the armature cut the lines of fcs-ce in the 
field 80 as to develop a voltage which will be equal to that applied. 

Again, if the field be strong with respect to the armature magnetism, resulting from the 
applied voltage . the armature will rotate at a low speed. If, therefore, it be desired to operate 
the converter in this manner and maintain an alternating current of constant frequencjr, the 
speed of roution must be kept constant by supplying a constant voltage not only to the brtnbaa 
pr p jft ing the oommutatOT. but also to the termiiuds of the field winding. 



Pig. 4.B45.— Wiring diagram of alternator, exciter, transformer and converter showing i 
switch board connections. 


When driven by a.c. a rotary converter operates the same as 
a synchronous motor. The most troublesome part of a con- 
verter is its commutator because of the many pieces of which it 
is composed and the necessary lines along which it is constructed, 
its peripheral speed must be kept within reasonable limits. 

When a rotary converter is operated in the usual manner on 
an a.c. circuit, the d.c. may be vari^ (from zero to a maximum ) 
by changing the value of the alternating pressure suiq;}lied to 


Pig. 4346. — Wiring diagram for three wire aimchronous omverter with dclta-Y connected step down transformer with the 
neutral thought out. 

Fig. 4,847. — Wiring diagran) of three wire synchronous converter with distributed Y seawidary. This system avoids the flux 
diatQrtkm due to the unbalanced d.c, in the neutral. 
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the machine, or it may be al- 
tered within a limited range by 
moving the brushes around the 
commutator, or in a compound 
wound converter by chang in g 
the amount of compounding. 

Under ordinary conditions, 
varying the voltage developed 
by changing the voltage at the 
motor end is not practical, 
hence the voltage developed 
can be varied only over a limited 
range. In addition to this, the 
voltage developed at the direct 
current end bears always a cer- 
tain constant proportion to the 
alternating current voltage ap- 
plied at the motor end; this is 
due to the same winding being 
used both for motor and gener- 
ator purposes. 


In all cases the proportion is such 
that the alternating current voltage 
is the lower, being in the single phase 
and in the two phase oonvertere 
about .707 of the direct current volt- 
age, and in the three phase converter 
about .612 of the dir^ current volt- 
age. It is thus seen that whatever 
value of direct current voltage be 
desired, the value of the applied 
alternating current votage must be 
lower, requiring in conseauence the 
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installation of step down transformers at the sub-station for reducing the 
line wire voltage to conform to the direct current pressure required. 



Fig. 4.848.— 'Wiring diagram showing arrangement of incandescent lamps for detenniaiog tfta 
proper phase relations in starting a rotary converter. The alternating current side of a 
three phase converter is shown at C. The three brushes. D. T and G pressing on its col- 
lector rings are joined in order to the three single pole switches M . L and B. which can be 
made to connect with the respective wires M. R. and V, of the alternating current supply 
crircuit. Across one of the outside switches H. for example, a number of inca n desc e nt lampe 
are joined in series as indicated at £. while the three pole switch (not shown) in the fnain 
circuit, between the alternator and the single pole switches is open. If then the main switch 
just mentioned and the middle switch L. be both closed, and the armature of the alternator 
be brought up to normal speed by running it as a direct current motor* the lamps at E, 
will light up and darken in rapid succession; the lighting and darkening of the lamps will 
continue until, by a proper adjustment of the speed, the correct phase relations are estab- 
lished between the alternating current in the supply circuit and the alternating current 
developed in the armature of the converter. As this condition is approached, the intervale 
between the successive lighting up and darkenuig of the lamps will increase until they re* 
main perfectly dark. There is then no difference of pressure between the supply circuit 
M»R.V. and the rotary converter armature circuit* so the source of the direct current may 
at that instant be disconnected from the machine, and the switches H and B> doeed. If 
the change over has been accomplished before the phase relations of the two cireuitediSieRd, 
the converter will at once conform itself to the supply circuit and run thereon na a ufH' 
chronoiie motor without further trouble. 
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Starting of Rotary Conrertera. — ^There are several methods 
any one of which may be employed, the choice in any given case 
depending upon vdiich of them may best be followed under the 
existing conditions. 

Starting with d.c* The same connections would be made between the 
source of the direct current and the armature terminals on the commuttitor 
side of the converter as would be the case were a direct current shunt 
motor of considerable size to be started; this means that a starting rfaeo^t 
and a circuit breaker will be introduced into the armature circuit. 

An adjustable rheostat will, of course, be connected in the field circuit 
for regulation. Before starting the converter, however, it is necessary to 
do certain wiring between the terminals on the collector side of the ma- 
chine and the alternating current supply wires, in order that the change 
over from direct current motive power to alternating current motive power 
may be made when the proper phase relations are established be^een 
the alternating current in the supply wires and the alternating current 
in the armature winding of the converter. 

In order that proper phase relations exist, the armature of the cooh 
verier must rotate at such a speed that each coil thereon passes its proper 
reversal point at the same tirne as the alternating current reverses in 
the supply wires. This speed" may be calculated by doubling the fre- 
quency of the supply current and then dividing by the number of pole 
pieces on the converter, but a far more accurate method of judging when 
the converter is in step or in synchronism with the supply current consists 
in employing incandescent lamps as shown in hg. 4,848. 

Starting with a.c. This may be done by applying the alternating 
pressure directly to the collector rings while the armature is at rest. There 
need be no held excitation; in fact the held windings on the separate pole 
pieces should be disconnected from each other before the alternating 
voltage is applied to the armature, else a high voltage will be indu^ in 
the held windings which may prove injurious to their insulation. 

In starting with ax. about 100 per cent more than that 
required for full load, is necessary. 

Wiring of Rotary Converters in Sab>Stations. — ^Beginning at 
the entrance of the high pressure cables, first there is the wiring 
for the lightning arresters, then for the connection in drcutt of 
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tile hii^ tendon switching devices, from which the conductors 
are led to bus bars, and thence to the step down transformers. 

On a three phase system the transformers should be joined in delta 
connection, as a considerable advantage is thereby gained over the star 
connection, in that should one of the transformers become defective, the 
remaining two will carry the load without change except more or less 
additional heating. Between the transformers and rotary converter the 
circuits should be as short and simple as possible, switches, fuses, and 
other instruments being entirely excluded. The direct current from the 
converter is led to the direct current switchboard, and from there dis- 
tributed to the feeder circuits. 

In large sub-stations containing several rotary converters 
they are frequently installed to receive their respective currents 
lErom the same set of bus bars; that is, they may be operated as 
alternating current motors in parallel. They are also frequent- 
ly operated independently from single bus bars, but very seldom 
in series with each other. 

To provide against interruption of service in sub-stations 
there ^ould be one reserve rotauy converter to every three or 
four converters actually required. 

Hooting of Rotary Converters. — In operation the inertia of a 
OHiverter armature tends to maintain a constant speed; varia- 
tions in the frequency of the supply circuit will cause a displace- 
ment of phase between the current in the armature and that in 
the line wires, which displacement, however, the s}mchronizing 
current strives to decrease. 

The synchiDnizing current, although beneficial in remedying the trouble 
after it occurs, exerts but little effort to prevent it, and many attempts 
have been made to devise a plan to eliminate this trouble. 

There are sevmil methods used to prevent hunting, namely 

1, The employment of a strongly magnetized field relative to tiwt de- 
veloped by the armature.- 
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2, A heavy fly-wheel effect in the converter; 

3, The increasing of the inductance of the armatUFe by sinking the 
windings thereon in deep slots in the core, the dots being provided with 
extended heads; 

4, The employment of damping devices or amortisaeur winding on the 
pole pieces of the converter. 

The damping method is the best method. 

The devices employed for the piirpooe are usually copper shields placed 
between or around the pole pieces, although in some converters the cop- 
per is embedded in the poles, and in others it is made simply to sumRmd 
a portion of the pole tips. 



NEUTRAL GROUND 

Pko. 4.S49. — ^Low tentuon neutral grounding for single phaae transformers (best meUkod). 
Here the ground cxmnection is made to the mid-point of the two transformer secon dar y 
cods, supplying a 3 wire Edison system. This 3 wire -system is now used almost universally, 
due to the great saving of copper in the lines. This method is desirable where the voltaigs 
between the outer wires does not exceed 520 volts. 


Grounding Frames and Cases. — ^All transformer, regulator, 
generator, motor, starter and similar equipment frames or cases 
must be solidly grounded. The reason will be apparent firom 
the followii^ explanation. 

Consider a pole type transfoimer that is mounted so as to be within 
reach when standing on the ground. One of the primary leads of thk 
transformer is considered in contact with the metal case. Therefore, the 
case will be charged with full line voltage. It is readily, apparent that 
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anyone touching this case while standing on the ground would receive a 
8h<^ of line voltage to ground just as if contact were made with a bare 
line. This would be true of any other piece of electrical equipment. 
Therefore, for safety ail equipment frames and cases should be grounded. 



F^g. 4,850. — I ow Lension grounding for single phase transfOTmer, two wire eystem. 
This method should not be used for pressures over 260 volU. The ground wire should be 
of the same siu as the transformer leads. 




Fxg$. 4,851 and 4,852. — ^Low tension grounding for transformers having a primary pres** 
sure of 1,000 volu or more. A breakdown of the insulation between the prima^ and sec- 
ondary coils will throw the primary voltage on the secondary circuit and a charging current 
shock from such a voltage will be dangerous. Therefore, a path to ground must be pro- 
vided as hen shown. The ground gap which is introduced into the ground circuit insulatM 
neutral from ground when the system operates at normal pressure, thus a contact fivm 
line to ground will only give a charging current shock. However, where the cml Inaulatioii 
breaks down between primary and secondary of the transformer and the primary voltafe 
leaks into the secondary system, then the ground gap breaks down and paases the primary 
voltage to ground safety. 
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N,EM^A^ Tratuformer Irutructiotu 

Location. — ^Accessibility, ventilation and ease of inspection should be 
given careful consideration in locating transformers. 

Handling . — When lifting a transformer the lifting cables nust be held 
apart by a spreader to avoid bending the lifting studs or other parts of 
the stmcture. When working about a transformer p^cular care must 
be taken in handling all tools and other loose articles, since any thing me- 
tallic dropped among the windings and allowed to remain there may 
cause a breakdown. 


Inspection . — When received, examination should be made before re- 
moving from cars and if any injury be evident or any indication of rough 
handling be visible, railroad claim should be filed at once and the manufac- 
turer notified. Before being set up, a transformer should be inspected for 
breakage, injury or misplacement of parts during shipment and thoroughly 
cxamin^ for moisture. In addition all accessible nuts, bolts and stu^ 
should be tightened. If transformers be water cooled, the cooling coils 
should be tested for leaks at a pressure of 80 to 100 lbs. per sq. in. When 
pressure is obtained, the supply should be disconnected and after one hour 
it should be determined whether any fall in pressure be due to a leak in 
the coil, or is in the fittings at the ends of the coil. 

Where transformers are shipped filled with oil, samples of oil should be 
taken from the bottom and tested. 

Drying Core and Coils . — ^There are a number of approved methods of 
drying out transformer core and coils, any one of which will be satis- 
factory if carefully performed. However, too much stress cannot be laid 
upon the fact that if carelessly or improperly performed, great damage 
may result to the transformer insulation through over heating. The 
methods in use may be broadly divided into two classes: 1, drying with 
the core and coils in the tank with oil; 2, drying with the oil removed. 
The core and coils may or may not be removed from the tank. Under 
the first class, the moisture is driven off by sending current through the 
winding while immersed in oil, with the top of the tank open to the air, 
or some other arrangement made for adequate ventilation. This may be 
done by 1, the short circuit method (to be used if the transformer be 
new or has been out of service without oil any length of time); 2, the nor- 
mal operation method to be used if the transformer be already in service 
but show moisture condensation and the transformer cannot be shut 
down to apply the short circuit method. 
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Putting New Transform 
mer in Service * — When the 
voltage is first applied to the 
transformer it should, if pos- 
sible, be brought up slowly 
to its full v&lue so that any 
wrong connection or other 
trouble may be discovered 
before damage results. After 
full voltage has been applied 
successfully, the transformer 
should preferably be oper- 
ated in that way for a short 
period without load. It 
should be kept under obser- 
vation during this time and 
also during the first few hours 
that it delivers load. After 
4 or 5 days' service it is ad. 
visable to test the oil again 
for moisture. 

Filling Traneformere*-^ 
Metal hose must be used in- 
stead of rubber hose, because 
oil dissolves the sulphur con- 
tained in rubber and may 
cause trouble by the sulphur 
attacking the copper. Pole 
mounted transformers may 
be filled with oil, either before 
or after moimting, as dedred . 
It is sometimes necessary to 
add oil a short time after the 
transformer has ^n in- 
stalled, due to the fact that 
the installation will absorb a 
certain amount of oil. When 
the transformer oil is repl^- 
ished care should be taken 
that no moisture finds its way 
inside the case. 
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N*EM*A. Motar Itutruetiom 

Unpacking and Hatuiling . — ^When unpaddng and handling 
the windings and other parts should be protected from damage. To pre- 
irent sweating, the windings of a machine that have been exposed to low 
temperature, should not be uncov^ed imtil they have had sufficient tiiw 
to attain a temperature nearly as high as that of the room in wfaic^ they 
are to be unpacked. Whenever practical, a complete maghjq g dxnikl 
be moved as a unit. This eliminate many possible troubles with wind- 
ings, armature, slip rings, etc. When necessary to move the armatme 
or rotor alone, the only safe method of supporting it while either moving 
cn* stationary, is by slings or blocking under the shaft or by a padded 
cradle imder the core laminations, llie whole armature surface may be 
oonsideied as subject to damage either to the bands, tredges, clips or insu^ 
latkxi unless properly handled. Every precaution sh^d be taken to avoid 
damaging any of the windings or other parts. 

Urging Out , — Small machines can be baked in ovens and larger units 
can be dried by passing current through the windings. In either case, 
however, the temperature should be kept within a maximum of 185 * F. 

Sraeticn , — eMachines must be lined up on their foundatiom^, so that the 


NOTE.—irisa tmnaion nmuirett grounding , — ^This method of crounding warn dcviwd 
oudnly for the protecuoa of the electrical system. The benefits of groundinc the high ten- 
dan neutral of the three phase system is two fold. 1, it reduces the voltage stresses on all 
apparatus insulation to ground; 2. it converts any accidental ground fault on any line into 
a short circuit on the corresponding phase, tripping the faulty circuit dear of the alternator, 
providing of couree. that the circuit is equipped with proper protective apperatue in the way 
of circuit breakers or fuses where the latter are adequate for this purpose. The dearing irf 
a circuit on which there exists a ground is very desirable as it safegu^s against trouble of 
much greater magnitude. On a system where the voltage is relatively low, there may be 
no great advantage in the further reduction of voltage to ground. 

NOTE . — Low tmnaion nmutral grounding. The method is here oonsideied as applying 
to all systems of 550 volts or less and fed from the second^ of ordinary distribution trans- 
formers. The purpose of this system of grounding is to insure against higher than normal 
voltage being present on the low tension system, and therefore, the possible danger to human 
Hfe is minimis^. The grounding of the low tension neutral alro eliminates an arcing ground, 
thereby reducing fife ri^ in buildings, etc. Lastly, it ensures the disconnection of the faulty 
part of the low tension system through the operation of fuses or circuit breakers. When 
the high tension primary of the transformer is connected to a high tension grounded neutral 
system and a break down of insulation occurs between primary and secondary soils, the ground^ 
i^ of the low tension neutral usually provides a short circuit path for the high trniion cur* 
rents and this at once disconnects the faulty transformer from the high tenskm line by the 
operation of the fuses. This, however, does not occur when the primary of the tranaldniiar 
is connected to a high tension ungrounded neutral system. This adds another point in fisvor 
of high tensioa neutral grounding for the breakdown of insulation between primary and me* 
ondary oails of distributioo tranafonners is by no means uncommon, especially In d i stric t s 
BUbJac^ to heavy lightning atorms. 
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driving and driven shafts are oarallel. Driving and driven pulleys must 
be in line so that the belt will run true. 

Grounding of Frames . — This is recommended for all motors. If the 
frame be insulated from the ground, the strain on the insulati<m of the 
windings will be decreased, but danger to the attendants will be increased. 
If sudi insulation be desired, the foundation should be capped by a stout 
wooden frame bolted to the masonry, care being taken that the bolts are 
so placed that they do not make electrical contact with the bolts which se- 
cure the alternator frame to the wooden cap, or with the frame itself. 
ITais wooden cap may be covered with some insulating waterproof paint 
or compound. 

Lubrication . — When a machine is first started, the oil rings should be 
observed to see that they are turning and the bearing housings watched 
to see that they are not overheating. Oil wells should be filled with petro- 
leum oil (not vegetable or animal oil) sometimes specified as high grade 
dynamo, or light engine oil. Experience has shown that animal or vege- 
table oils or grease, or admixtures of them with mineral or petroleum oil, 
will dry and gum. and by gumming the ducts and oil rings, prevents the 
free flow of oil to the bearings. Oil leakage at the drainage plugs can be 
avoided by dipping the plugs in a mixture of red lead and shellac before 
inserting. It is advisable to apply a little clean lubricating oil to col- 
lector rings regularly. The oil may be applied with a piece of cloth or 
chamois skin. 

N.E.MA, Control Equipment Instructions 

Contacts . — ^The contacts of an electric controller assume a position of 
first importance. Of whatever type, they must be kept clean, pressure 
maintained and replaced when worn. 

Contactors . — To keep magnetic contactors in proper working order a 
regular inspection should be made to maintain a correct relation between 
the action of the contacts, iron circuit and coil. Assurance that the iron 
circuit is closed and sealed with a positive action, and that the contacts 
have sufficient “roH" or pressure will prevent many controller complaints. 

Relays . — Follow the manufacturer’s instructions furnished with relaj^. 

Low Voltage Devices . — The proper holding and releasing action of low 
voltage coils, under voltage coils, and mechanisms is dependent on both 
mechanical adjustment and application of the voltage (and frequency on 
alternating current systems) specified on the name plate. The spring and 
gravity return mechanism should be kept in proper adjustment to avoid 
too violent return, A .C. release mechanism should he inspected to see 
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that the iron circuit is properly pealed and that the pole faeces are deaned 
of rust and make a true flat omtact. Care on this point will prevent 
humming and failure of coils from excessive current due to open iron 
circuits. 

Conitecffona and Wiring . — Terminals and connection studs on con* 
troUers, accessories and resistors should be gone over regularly and tightened 
to avoid poor contact and improper functioning of the apparatus. 

Lubrication . — Oil on controllers should be applied only to parts need- 
ing oil. Any excess oil on surfaces should be wiped off to prevent accumu- 
lation of dust and dirt. Oil should be applied carefully and sparingly to 
such parts of a controller as may be spewed by the manufacturer in Ids 
instructions. 


TEST QUESTIONS 

1. What items are included in the term “management"? 

2. What should be considered to properly select a ma- 

chine? 

3. Describe in detail how various power plant apparatus 

are properly selected. 

4. What are the uses of single phase aixd polyphase 

motors cf various types? 

5. Describe the use o} synchronous motors for the dual 

purpose cf power and power factor correction. 

6. Give the application of "general purpose" motors. 

1 . Give the effects of variation of voltage and frequency 
upon the performance of induction motors. 

8. Explain the markings placed on terminals of electric 

power apparatus. 

9. Give some points relating to rotors and phase rotation 

of rotating apparatus. 

10. Explain the rating of alternators. 
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11 . What may be said with respect to the voltage taps of 

transformers? 

12. Give a few points relating to the installcUion of ma- 

chines in power houses. 

13 . Give some information on belts and pulleys. 

14 . Explain horse power arvd torque calculations. 

15 . Describe the operation of cm alternator under various 

conditions. 

16 . What are the various methods of synchronizing alter~ 

nators so that they will run in parallel? 

17 . Describe the method of cutting out an alternator. 

18 . What kind of transformer efficiency is important to 

the station manager? 

19 . Is a rotary converter a reversible machine? 

20 . Give the method of starting a rotary converter. 

21 . How are rotary converters wired in sub-stations? 

22. Describe the hunting of rotary converters. 

23 . Explain how and why frames and cases should be 

grounded. 
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CHAPTER 92 


Testing Indicating Instruments 

Before making tests on a.c. motors, alternators, trans- 
formers, or other machines, the instruments used should be 
tested so that accurate results may be obtained. The ex- 
planations then may be regarded as a preliminary to chapters 
^ and 94. 

Electrical Indicating Instruments. — In the manufacture of 
most measuring instruments, the graduations of the scale are 
made at the factory, by comparing the deflections of the 
pointer with voltages as measured on standard apparatus. 

The volt meters in most common use have capacities of 5, 15, 75, 150, 
300, 500 and 750 volts each, although ir the measurement of very low 
resistances such as those of armatures, heavy cables, or bus bars, volt 
meters having capacities as low as .02 volt »re employed. 

The difference between the design of direct current volt meters of dif- 
ferent capacities lies simply in the high resistance joined in series with 
the fine wire coil. This resistance is usually about 100 ohms per volt 
capacity ol the meter, and is composed of fine silk covered copper wire 
wound non-inductively on a wooden spool. 

In the ope‘ration of an instrument, if the pointer when deflected do not 
readily come to a position of rest owing to friction in the moving parts, 
it may be aided in this respect by gently tapping the case of the instnunent 
with the hand; this will often enable the obstruction, if not of a serious 
nature, to be overcome and an accurate reading to be obtained. 
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In a two scale volt meter, one scale is for low voltage read- 
ings and the other for high voltage readings; on these scales 
the values of the graduations for low voltages are usually 
marked with red figures, while those for high voltages are 
marked with black figures. 

A volt meter carrying two scales must also contain two resistances in 
place of one; a terminal from each of these coils must be connected with 
.a separate binding post, but the remaining terminal of each resistance 
is joined to a wire which connects through the fine wire coil with the 
third binding post of the meter. The two first mentioned binding posts 
are usually mounted at the left hand side of the meter and the last men- 
tioned binding post and key at the right hand side. 

The resistance corresponding to the high reading scale is composed of 
copper wire liaving the same diameter as that constituting the resistance 
for the low reading scale, but as the capacity of the former scale is gen- 
erally a whole number of times greater than that of the latter scale, the 
resistances for the two must bear the same proportion. 

In connecting a two scale volt meter in circuit, the singte 
binding post is always employed regardless of which scale is 
desired. 

If, then, the voltage be such that it may be measured on the low reading 
scale, the other binding post employed is that connected to the lower 
the two resistances contained within; if, however, the pressure be higher 
than those recorded on the low reading scale, the binding post connected 
to the higher of the two resistances contained within is us^. 

Inasmuch as the capacities of the scales are usually marked on or near 
the corresponding binding posts, there will generally be no difficulty in 
selecting the proper one of the two left hand binding posts. 


When the binding posts of a two scale volt meter are not 
marked and only an approximate idea is possessed of the volt- 
age to be measured, it is always advisable to connect to the 
Iniuiing post ccnresponding to the high reading scale of the 
meter. 
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A This is done in order to determine if the measurement may not be made 
/ safely and more accurately on the low reading scale. In any case, some 
knowledge must be had of the voltage at hand, else the high reading por- 
tion of the instrument may be endangered. 

Too much care cannot be taken to observe these precautions whenever the 
volt meter is used, for the burning out or charring of the insulation either 
in the fine wire coil or in the high resistance of the meter by an excessive 
current, is one of the most serious accidents that can befall the instrument. 

If a voit meter has been subjected to a voltage higher than that for 
which it was designed, yet not sufficiently high to injure the insulation, 
but high enough to cause the pointer to pass rapidly over the entire scale, 
damage has been done in another way. The pointer being forced against 
the side of the case in this manner is more or less bent and so introduces 
an error in the readings that are afterward taken. 

The same damage will be done if the meter be connected in circuit so 
that the current does not pass through it in the proper direction, although 
in this case the pointer is not liable to be bent so much as when it is forced 
to the opposite side of the meter by an abnormal current, since then it has 
gained considerable momentum which causes a more severe impact. 

The extent of the damage may be ascertained by noting how far away 
from the zero mark the pointer lies when no current is passing through the 
instrument. If this distance be more than two-tenths of a division, the 
metal case enclosing the working part should be removed and the pointer 
straightened by the careful use of a pair of pinchers. 

Indicating instruments should not be placed near conductors 
carrying large currents. 

A fall or a rough handling of an instrument at once shows its effect on 
the readings, for as much harm is done as would result from a similar 
treatment of a watch. 

How to Take Readings. — The deflection of the pointer 
diould be read to tenths of a division; this can be done with 
considerable accuracy, especially after a little practice. 

For very accurate results, a temperature correction should be applied to 
compensate for the effect which the temperature of the atmosi^iere has 
upon the resistance of the meter when measurements are b^ing taken^ 
In ordffiary station practice the temperature correction is negli^le, being 
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for resistance corresponding to the high scale in first class meta^, less 
than one-quarter of 1 per cent, for a range of 35 degrees above or 35 de- 
grees below 70 degrees Fahrenheit. 

Errors in Station Volt Meters. — Since they are usually con- 
nected permanently in circuit; a certain amount of heat is 
developed in the wiring of the instrument. 

The effect of this heat increases the volt meter resistance and conse- 
quently reduces the current below that which otherwise would pass through 



Fig. 4.8S6. — Diagram of connections for calibrating a watt meter. 

the meter; since the deflections of the pointer are governed by the strength 
of the current, station volt meters invariably indicate a voltage slightly 
lower than that which actually exists across their leads. 


Checking Up a Recording Watt Meter. — ^This may conve- 
niently be done by noting the deflections at short intervals on 
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an ammeter connected in circuit, and also the readings on the 
dial of the recording watt meter during this period. If this 
test be continued for an apfHCciable time, the product of the 
pressure in volts, the current in amperes, and the time in hours, 
should equal the number of watt hours recorded on the coon- 
tas of tte dial. 

Calibrating a Watt Meter. — ^The calibration of a portable 
watt meter is accomplished with direct current of constant 
value which is passed through the series winding by connecting 
the source thereof with the current terminals as in fig. 
4 , 856 . 

A direct current voltage which may be varied tbrou^iout 
the range of the watt meter is also applied to the instrument 
between the middle and right hand pressure terminals A and E, 
the wiring in the meter between these terminals being such 
that its differential winding is then cut out of circuit. 

The method of procedure consists in comparing the deflec- 
tions on the watt meter at five or six approximately equi- 
distant points over its scale with the corresponding products 
of volts and amperes used to obtain them. 

Hie changes in the watt meter deflections are effected by merely varying 
the voltage, the value of the current being maintained constant at a 
value which represents the full current capacity of the meter. 


How to Get Accurate Ammeter Beadings. — ^For precision 
measurements an ammeter should be cut out of circuit except 
while taking a reading, becau^ of the error introduced by the 
heating effect of the current. 

In an ammeter having a capacity of 50 amperes, the error thus intr^ 
duced win be less than 1 per cent, if connected continuously in ctreuit 
with a current not exceeding three-auarters this capacity. 
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All ammeters of 100 amperes capacity may be used indefinitdy in circuit 
with less than 1 per cent, error up to one-half its capacity, and fbr five 
minutes at three-quarters capacity without exceeding the 1 per cent, limit. 

Meter Testing with Standard. — In testing a meter, by com- 
paring it with a standard, in order to obtain the best results 
there should be one man at each meter so that simultaneous 
readings may be taken on both instruments, and the man at 
the standard meter should maintain the voltage constant while 



Fig. 4,8S7.— Jewel two ecalc portable testing ammeter. The construction uses a spedtf 

coil which has several windings so arranged that the several scales check in their ctoacter* 
istics and consequenUy a single set of divisiODS is supplied with the necessary sett of figuna. 
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a reading is being taken, by means of a rheostat in the field 
circuit of the generator supplying the current. 


Each meter should be checked or calibrated at five or six approxi- 
mately equidistant points over its scale; the adjustable resistance being 
varied each time to give a deflection on the standard meter of an even 
number of divisions and the deflection on the other meter recorded at 
whatever it may be. Having obtained the necessary readings, the cal- 
culation of the constant or mdtiplying factor of the meter undergoing test 
is next in order. 


This may best be shown by taking an actual case in which a 150 scale 
volt meter is being tested to determine its accuracy. Jhe data and cal** 
‘illations are as follows: 


Reading* on 
fUndard meter 
ISO 
125 
100 
75 
50 
25 


Readtnge on ConaUnt 
meter tested 

U9.2 1504*149.2-1.005 

125.0 1254-125.0-1.000 

98.9 1004- 98.9-1.011 

73.6 754- 73.6-1.019 

SO.O 504- SO.0-1.000 

24.8 254- 24.8-1.008 


6 043 

Average constant for six readings, 6.0434-6 “1.007, 

It may be stated in general that before taking the readings for this 
test, the zero position of the pointer on the meter tested should be noted, 
and if it be more than two-tenths of a division off the zero mark, the case 
of the meter should be removed and the pointer straightened. 

Furthermore, it will be noticed from the readings here recorded that 
the test is started at the high reading end of the scale; this is done in order 
that the pointer may gradually be brought up to this spot, by slowly 
cutting out of circuit the adjustable resistance, and thus show wheth^ 
or not the pointer has a tendency to stick at any part of the scale. If 
the meter seem to be defective in this respect, it should be remedied either 


NOTE.— ra# 150 Bcaim amm^tmr may be left in circuit for an indefinite length of time 
at one-third it* full capacity, and for three minute* at one-half iu full capacity, with a neg- 
ligible error. 

NOTE. — ^When currents larger than 300 amperet have to be inea*ured. ammeter shunt* 
are generally employe^l, although ammetera up to 500 ampere* capacity are manufactured. 

NOTE.— iimmetere of 200 and of 200 ampere eepadttee must not continuotiely carry 
more than one-quarter of these loads respectively if the reading* are to have an accuracy within 
1 per cent, nor more than one-half these respective number* of ampere* for three minute* If 
the same degree of accuracy be desired . 
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obtain the exact reading. This multiplier is called a constant, and as sliown, 
a ccttistant is determined for each of the six observations. 

The average constant for the six readings is then found, and this is 
taken as the constant for the meter as a whole; that is, whenever this 150 
scale volt meter is used, each reading taken thereon must be multiplied 
by 1.007 in order to correct for its inaccuracy. 

The most convenient and systematic way of registering the constant of 
a meter is to write it, together with the number of the meter and the date 
of its calibration, in ink on a cardboard tag and loop the same by meanii 
of a string to the handle or some other convenient part of the meter.. 


Calibration of a Two Scale Volt Meter. — ^The complete cali- 
bration of a two scale volt meter does not, as might be sup- 
posed, necessitate that the readings on both scales be checked 
with standards, for since the resistance corresponding to the 
CMie scale is always some multiple of the resistance of the 
other, the constants of the two scales are proportional. 


For instance, if S«the reading at the end of the high scale of the volt 
meter; S^»the reading at the end of the low scale of the volt meter; R- 
the resistance in the meter corresponding to the high scale; «the resist- 
ance in the meter corresponding to the low scale; K »> the constant for the 
high scale, and K^»the constant for the low sc^e. Then 


from which 


SK-s-R-S^K'-^Ri 

K‘-SKR-5-SiR 


That is to say. if the respective resistances corresponding to the two 
scales be known, and the constant of the high scale be determined by oom- 
paiiaon with a standard, then by aid of these known values and the max- 
imum readings on the two scales, the constant of the low scale may be cal- 
culated. It is also possible to calculate the constant of the high scale if 
the constant of the low scale be known, together with the values of the 
resistances corresponding to the two scales; for from the equation previ.. 
ously given, 

K^RS'K^-s-R'S 


There are a number of tests that are easily made and which 
require only ordinary ammeters, volt meters and watt meters. 

NOTE . — Tuning up a meter consists in str-dighten'ng the pointer; varying the te'ision 
of the spiral springs; renewing the jewels in the bearings: altering the value of the high re' 
aiatancse, and. in the case of a direct current instrument, strengthening the permanent magnet. 
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A knowledge of these tests will be found useful to those having 
diaige of ax. motors. The tests which follow are of «mple 
nature and present no difficulties. 

In motor testing, by the methods illustrated in the accompanying cuts, 
it is assumed that the motor is loaded in the ordinary way by belting or 
direct connecting the motor to some form of load, and that the object 
is to determine whether the motor is over or under loaded, and approxi^ 
mately what per cent, of full load it is carrying. All commercial motors 
have name plates, giving the rating of the motor and the full load current 



Figs. 4,859 to 4,862. — How to connect instruznenu for power meaturements. 


in amperes. Hence the per cent, of load carried can be determined ap- 
proximately by measuring the current input and the voltage. If an effi- 
ciency test of the apparatus be required, it becomes necessary to use some 
form of absorption by dynamometer, such as a Prony or other form of 
brake. The output of the motor can then be determined from the brake 
readings. The scope of the present treatment is. however, too limited 
to go into the subject of different methods of measuring the output of the 
apparatus, and is confined rather to methods of measuring current input, 
voltage, and watts. The accuracy of all tests is obviously dependent 
upon the accuracy of the instruments employed. 

Before accepting the result obtained by any test, especially under light or 
no load, correction should be made for wattmeter error. See watt meter 
error table on page 2,885. 





Instrument Testing 


2MS 


TEST QUESTIONS 

1 . What precautions should be taken with testing instru- 

ments in making tests? 

2. How are the scales on electrical instruments made? 

3. What range of voltage is most common on the scales of 

volt meters? 

4. How do d.c. and a.c. instruments differ? 

5. How may the pointer of an instrument be quickly 

brought to rest? 

6. Explain the reading of two scale instruments. 

7. What precautions should be taken in connecting up a 

two scale volt meter? 

8. Explain the use of each scale in a two scale volt meter. 

9. Explain how to take readings. 

10. How may a volt meter be easily damaged? 

11. What should be done in taking readings to obtain 

accurate results? 

12. What errors occur in station volt meters? 

13. Should temperature correction be made for ordinary 

station instruments? 

14. Explain the effect of heat in introducing an error. 

15. Explain how to check up a watt meter. 

16. How is a watt meter calibrated? 

17. How are accurate ammeter readings obtained? 

18. How should ammeters of various capacities be used? 

19. How is a meter tested with a standard? 

20. How close should a meter read for the zero position? 
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21 . What is the most convenient way to register the con- 

stant of a meter? 

22 . Explain how to calibrate a two scale volt meter. 

23 . What are the usual remedies in tuning up a meter? . 
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CHAPTER 93 

Transformer Testing 

In the early days of transformer building, before the com> 
mercial watt meter had been perfected, leakage or exciting 
current was the criterion of good design. After the introduc- 
tion of the watt meter, core loss became the all important 
factor, and for a long time the question of leakage current was 
lost sight of. With the introduction of silicon steel, leakage 
or exciting current again assumed prominence. 

Keeping in mind the fact that all characteristics of a trans' 
former are of more or less importance, it is essential that the 
user of such apparatus have at hand the necessary facilities 
for making tests of all such variable quantities. The tests 
which all users of transformers should make, are given in this 
chapter. 

Transformer Copper Loss by Watt Meter Measurement and 
Impedance. — ^At fost glance, this method, as shown in fig. 
4,863, would seem better than the calculation of loss after 
measurement of the resistance. However, it should be noted 
that the watt meter is, in itself, subject to considerable error 
under the low power factor that will exist in this test. 

The secondary of the transformer is short circuited, and a volta^ ap- 
idied to the primary which is just sufficient to cause full load iwimary 
current. If fu’' current pass throush the nnmary of the transformer with 
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the secondary short circuited, the secondary will also carry full load cur- 
rent. With connections as shown in hg. 4,863 and with the full load 
current, the volt meter indicates the impedance volts of the transformer. 
This divided by the rated voltage gives what is called the per cent, 
pedmce oj the transformer. In a commercial transformer of 5 kw,, this 
should be approximately 3 per cent. 

The iron loss of the transformer under approximately 3 
per cent, of the normal voltage will be negligible, and the 
losses measured will be the sum of the primary and secondary 
copper losses. 



Pic. 4,863,— Transformer copper loss by watt meter measurement and impedance. 


As in the discussion of the core loss measurements, the watt 
meter readings must be corrected for the loss in its pressure 
coil, the method of correction being the same as that discussed 
under the core loss measurement. If the impedance volts, as 
measxired, be divided by the primary current, the impedance of 
the transformer is obtained. The reciprocal of this quantity is 
known by the term “admittance." When two or more trans- 
formers are connected in parallel they divide the load in propor- 
tion to their admittance. It is, therefore, important that the 
users of transformer^ know the impedance of the aiq;>aratU8 
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Kio. 4,864.— ^Resistance noeastirement by **drop’* method. The circuit whose resistance is 
to be measured, is connected in series with an ammeter and an adjustable resistance to 
va^ the flow of current. A volt meter is connected directly across the terminals of the 
resistance to be measured, as shown in the figure. According to Ohm’s law I -E+R, 
from which, R«>E+I. If then the current flowing in the circuit through the unknown 
resistance be measured, and also the drop or difference of pressure, the resistance can be 
calculated by above formula. In order to secure accurate determination of the resistance 
such value of current must be used as will give large deflections of the needle on the in- 
struments emi^oyed. A number of independent readings should be taken with some varia- 
tion of the current and necessarily a corresponding variation in voltage. The resistance 
should then be figured from each set of readings and the average of all readings taken for 
the correct resistance. Great care must be taken, however, in the readings, and the in- 
itruments must be fairly accurate. For example, suppose that the combined instrument 
error and the error of the reading in the volt meter should be 1 per cent., the reading being 
high, while the corresponding error of the ammeter is 1 per cent. low. T^is would cause 
an error of approximately 2 per cent, in the reading of the resistance. In making careful 
measurements of the resistance, it is also necessary to determine the temperature of the 
resistance being measured, as the resistance of copper increases approximately .4 of 1 per 
cent, for each degree rise in temperature Use is made of this fact for determining the 
increase in temperature of a piece of apparatus when operating under load . The resist- 
ance of the apparatus at some known temperature is measured, this being called the cold 
. resistance of the apparatus. At the end of the temperature test the hot resistance is taken. 
Aiisunie the resistance has increased by 15 per cent. This would indicate a rise in tem- 
perature of 37 >4 degrees above the original or cold temperature of the apparatus. Sup- 
pose then that in measuring the cold resistance, results are obtained which are 2 per cent, 
low, and that in measuring the hot resistance, there be 2 per cent, error in the opposite 
direction. This would mean that a total error of 4 per cent . had been made in the differ- 
ence between the hot and cold resistances, or an error of 10 degrees. The correct rise in 
temperature Is, therefore, about 27 >4 instead of 37 degrees. In other words, an erroc 
of 2 per cent, in measuring each resistance has caused an error of approximately 36 H per 
cent, in the measurement of the rise in temperature. The constant .4 which has been used 
above is only approximate ahd should not be used for exact work. For detail instnictiona 
of making calculations of resistance and temperature, see **Standardixatloii Rules of the 
A.I.K.E.” 



2,870 


Transformer Testing . 


used, in order to determine whether two or more transformers 
will operate satisfactorily in parallel. 

For accurate measurement of impedance the volt meter 
^ould be connected directly across the terminals of the trans- 
former rather than as shown in fig. 4,863. 

The usual and best method of obtaining copper losses is to separately 
measure the primary and secondary resistance and calculate from these 
the primary and secondary copper losses. For general diagram of connec- 
tions and discussion of the drop method, see fig. 4,864. The current should 
be kept well within the load current of the transformer to avoid tem- 
perature rise during the test. In other words, the resistance of the coil 
is the poltage across its terminals divided by the current, ^ 
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Fig. 4,863, — ^Temperaiure test of transformer with noa>inductive load. 


The resistance of the primary coil can be measured similarly. The 
copper loss in watts in each coil will then be the product of the resistance 
and the square of the rated current for that coil. 

Temperature Test of Transformer with Non-Inductive Load. 

— ^The simplest way of making the test is shown in 'fig. 4,865. 
Connect the primary of the transformer to the line as shown, 
and carry normal secondary load by means of a bank of lamps 
or other suitable resistance, until full load secondzuy currant 
is shown by the ammeter in the secondary circuit. 

The transformer should then be allowed to run at its rated load for 1;he 
desired interval of time, temperature readings being made of the oil in its 
hottest part, and also of the surrounding air. 
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Where temperatures of the coil rather than temperatures of the oil are 
desired, it is nec^sary to uce the resistance method. This is obtained by 
first carefully measuring the resistance of both pnmary and secondary 
coils at the temperature of the room, and then, after the transformer 
has been under teat test for the desired time, disconnect it from the cir- 
cuit and again n^easure the resistance of primary and secondary. 


For proper method of calctilating the temperature rise from 
resistance measurements, the reader is referred to the stand* 
ardization rules of the AJ.E.E. 

In making resistance measurements of large transformers by the drop 
method care should be taken to allow both ammeter and volt meter indi- 
cations to settle down to steady values before readings are taken. This 
may require several minutes. Each time the current is changed it is 
necessary in order to obtain check values on resistance measurements, to 
wait until the current is again settled to its permanent value before taking 
readings. 

All resistance measurements must be taken with great care, as b^iiall 
errors in the measurement of the resistance may make very large errors 
in the determination of the temperature rise. The method above de- 
scribed is satisfactory for small transformers. 

Where large units are to be tested, the cost of current Ux 
testing becomes an important item. The “bucking test'" as in 
fig, 4,866, is more economical. 


Transformer Temperature Bucking Test. — For this purpose 
two transformers of the same size and ratio are required. The 
connections are as shown in fig. 4,866. Full secondary voltage 
is applied, and rheostats or auxiliarj^ auto-transformers are in- 
serted in the circuit to properly regulate the voltage. 

The primaries are connected with one bucking the other, and a voltage 
equal to twice the impedance voltage of either transformer inserted in the 
primary circuit. It should be noted that when the secondaries are sub- 
jected to the full secondary voltage, a full primary voltage exists across 
either primary, but with the primaries connected so that the voltage of 



2372 


Transformer Testing 


one is bucked against the voltage of the other, the resultant voltage in 
the circuit will be zero. 

By applying to the primary circuit twice the impedance voltage of 
eitlw transformer, full primary and secondary current will circulate 
through both transformers. On the other hand, by subjecting the sec- 
ondaries to the full secondary voltage, the iron of the transformer will be 
magnetized as under its regular operating conditions, and the full iron 
loss of the transformer introduced. This method permits the operation 



of two transformers under temperature test with their full losses, without 
taking energy from the line equal to the rated capacity. 

Measurements of temperature are taken in exactly the same 
way as above. This method is successfully employed for 
making temperature tests on transformers of all sizes. 

Transforitier Insulation Test. — In applying a 10,000 volt 
insulation test between the primary and secondary of a 
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transformer, the testing leads should be disconnected fromrthe 
transfonner under test, and a spark gap introduced as shown 
in fig. 4,867 with the test needle set at a proper sparking dis- 
tance for 10,000 volts. 

A high resistance should be connected in the secondary before closing 
its drcuit, and the voltage gradually increased by cutting out this sec- 
ondary resistance until a spark jumps across the spark gap. W^n the 
spark jumps across the spark gap, the volt meter reading diould be xe- 
eroded and the testing transfonner disconnected. The spark gap 6b[>uld 
then be increased about 10 per cent., and the high, tension leads con- 
nected to the transformer under test as indicated in the diagram. 

RLS15TM4CE 



In order to equalize the insulation strains, all primary leads should be 
connected together, all secondary leads not only connected together, but 
to the core as well. All resistance in the rheostat in the low tension cir- 
cuit should then be inserted and the switch dosed. Gradually cut out 
secondary resistance until the volt meter shows the same voltage as was 
recorded previously when the spark jumped across the gap, and apply 
this voltage to the transformer for one minute. 


Insulation tests for a period of over one minute are very 
unadvisable, as transformers with excellent insulation may be 
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seriously damaged by prolcmged 
insulation tests. 


il 


The longer the strain to which any 
insulation is subjected the shorter 
the subsequent life of the insulation. 
Also the greater the applied voltage 
above the actual operating voltage 
of the apparatus, the shorter the 
subsequent life of the insulation. In 
testing small transformers, the spark 
gap may t>e omitted and the voltage 
of the low pressure coil of the testing 
transformer measured. This multi- 
plied by the ratio of transformation 
gives the testing voltage. 


I Transformer Insulation Test 
without High Tension Trans- 
I former. — In this method, a 
•8 number of standard transfor- 
I mers, connected as shown in 
I fig. 4,868, may be employed, 
but great care should be taken 

! to have such transformer cases 
thoroughly insulated from the 

i ground and from one another, 
in order to minimize the insula- 
H tion strains in the testing trans- 
i formers. 


I 
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Care should be taken to insert 
in the circuit of eadi testing 
transforms a fuse, not in ex* 
cess of the transformer capacity, 
which will blow, in case of a 
break down in the a|^>aratus 
under test. 

In testing insulation between 
secondary and core, disconnect 
the primary entirely, apply one 
terminal of the testing transfor- 
mer to the seomdary terminals 
of the transformer under test, 
and the other terminal of the 
testing transformer to the core 
of the transformer under test. 
The duration of this test should 
also not exceed one minute. 

Transformer Internal Insola- 
tion Test. — This test is som^ 
times called double normal 
voltage test, from the fact that 
most transformers are tested 
with double normal voltage 
across their terminals. If either 
the primary or secondary of the 
transformer be connected, as 
shown in fig. 4.869, to smne 
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source<yf current with vcdtage doable that of the voltage of the 
transfonner under test, the insulation between adjacent turns, 
and also the insulation between adjacent layers will be sub- 
jected to twice the ncamal operating voltage. 

It is good pnLctice to employ high frequency for this test in order to 
prevent an abnormal current passing through the transformer. Sixty 
cyde transformers are usually tested on 133 cycle, and 25 cyde trans- 
fonners on 60 cycle drcuits for this double normal voltage test. It is 
necessary to insert the resistance in the circuit of the transformer and 
luring the voltage up gradually, the same as applying other high insulation 
tests in order to prevent abnoimal rises in pressure at the instant of dosing 
the circuit. 
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Fig. 4,870. — rransfonner insulation resistance test. 


Transformer Insulation Resistance Test. — ^The insulation of 
a transformer besides being able to resist puncture, due to in- 
creased voltage, must also have sufficient resistance to prevent 
any appreciable eimount of current flowing between primary 
and secondary coils. It is, therefore, sometimes important that 
the insulation resistance between primary and secondary be 
measured. 

This can be done as shown in flg. 4,870. Great care should 
be taken to have all wires thoroughly insulated horn the 
.ground, and, to have an ammeter placed as near as possible 
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to the tenninals of the transfonner under test, in order that 
current leaking from one side of the line to the other, external 
to the transformer, may not be measured. Great care is ie> 
quired in making this measurement, in order to obtain con- 
sistent results. 

Transformer Winding or Ratio Test. — The object of this 
test is to check the ratio between the primary and the sec- 
ondary windings. For this purpose a transformer of known 
ratio is used as a standard. Coiuiect the transformer under 
test with a standard transformer as shown in fig. 4,871. Leave 



FtC. 4 . 87 l.-^TrEiiafariner winding or ratio test. 


switch Ss open. With the single pole double throw switch in 
position S,B, the volt meter is thrown across the terminals of 
the standard transformer. With the switch in position SiA, ' 
the volt meter is thrown across the terminals of the transformer 
under test. The volt meter should be read with the switch 
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in each position. If the winding ratio be the same as that of 
the standard transformer, the two volt meter readings will be 
identical. 

Transformer Polarity Test. — ^This test, sometimes called a 
banking test, is of importance. The transformers from any 
particular manufacturer have the leads brought out in such a 
manner that a transformer of any size can be connected to 
I»imary and secondary lines in a given order without danger 
of blowing the fuses due to incorrect connections. All manu- 
facturers of transformers, however, do not bank transformers 
in the same way, so that it is necessary in placing transformers 
of different makes to test for polarity. 

This is done as shown in hg. 4.871. Ohe transformer is selected as a 
standard and the leads of the second transformer connected as indicated 
in the diagram. 

If the transformers be 1,100-2.200 volts to 110-220, two 110 volt lamps 
are connected in the secondaries of tlie transformers as indicated. whOe 
the primary of the transformer is connected across the line. In trans- 
formers built for two primary and two secondary voltages, it is necessary 
to test each primary and each secondary. The diagram shows the method 
of connecting one 2.200 volt coil and one 110 volt coil to the transformer 
to be tested. 

When the primary circuit of the transformer under test is closed, and 
if the secondary leads of the 110 volt coil under test be brought out of 
the case properly, the two 110 volt lamps should be brightly illuminated. 
If, on the other hand, the two 110 volt terminals have been reversed, no 
current will flow through the lampys. 

If these two terminals be found to be brought out correctly, transfer 
the secondary leads of the transformer under test to the second 110 volt 
coil. Upon closing the primary circuit, the lamp should again be brightly 
illuminated. Repeat this process with each of the secondary coils and the 
other primary coil, and if the lamps show up bright in every case on dos- 
ing the primary circuit, all leads have been properly brought out. 

If on any tests the lamps do not light up brightly, the leads on the 
transformer must be so changed as to produce the proper banking. 
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TEST QUESTIONS 

1. What was the criterion of good transformer design 

in early days? 

2. Describe transformer copper loss tests by watt meter 

measurement and impedance. 

3. Is a watt meter subject to considerable error under 

low power factor? 

4. Must the watt meter readings be corrected in copper 

loss test? 

5. How do two or more transformers connected in par-^ 

allel divide the load? 

6. Describe the resistance measurement by drop method. 

7 . Describe how to test a transformer for temperature on 

non-inductive load. 

8. When should the resistance method be used? 

9. What is the proper method of calculating the tempera- 

ture rise from resistance measurements? 

10. What precaution should be taken for making the re- 

sistance measurements of large transformers by the 
drop method? 

11. Should all resistance measurements be taken with 

great care? 

12. What is the "bucking" test? 

13. When should the bucking test be used? 

14. Describe in detail transformer temperature bucking 

test. 

15. Explain how the transformer insulation test is made. 

16. Should an insulation test be made for over a 

period of one minute? 
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17. How should the transformer insulation test be made 

without high tension transformers? 

18. Describe transformer internal insulation test. 

19. What other name is sometimes given to the transform 

mer internal insulation test? 

20. Explain the method of making the transformer internal 

insulation test. 

21. What precaution should be taken in the making of 

a transformer insulation test? 

22. Explain how the transformer or ratio test is made 

23. How is the transformer polarity test made? 
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CHAPTER 94 

Motor Testing 

There are numerous simple tests of motors which may be 
easily made requiring only such instruments as volt meters, 
ammeters and watt meters. 

Since the accuracy of a test not only depends up(m correct 
reading, but upon the conditions of the instruments, it ^ould 
be first ascertained that all the instruments used in making a 
test are in pr(q)er working order. 

Accordingly, as pointed out in a preceding chapter (see 
page 2355), the instruments should fost be tested for accu- 
racy before using them in making a motor test. 

It is important to know how to take readings and to know 
all the practical points relating to the instruments. 

Since so much depends upoii the proper 'handling and c<wi- 
ditions of the instruments, it is siiggested that the reader care- 
fully study the preceding chapter before testing motors* 
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Hew' to Connect Instruments for Power Measnrement.-T- 

There are several ways of connecting an anuneter, volt noeter 
and watt meter in the circuit for the measurement of powo:. 
A few of the methods are here discussed and illustrated in 
figs. 4,859 to 4,862. 

With some of the connections it is necessary to correct the 
readings of the watt meter for the losses in ^ coil or coils, 
of the watt meter, or for losses in the ammeter or volt meter. 
This is necessary since the instruments may be so oninected 
that the watt meter not only measures the load but includes 
in its indications some of the instrument losses. 

If the load measured be small or considerable accuracy be 
required, these instrument losses may be calculated as follows: 
Loss in pressure cdl is 


EH-R, 

in which, 

E —voltage at the terminals of the pressure coil. 

R —its resistance in ohms. 

Loss in current coil is 1*R, in which 

1 -current in amperes. 

R — tesiatanoe of the current coil in otama. 

In general let; 

£t -voltage across terminals of the v<dt meter. 

£«-v(^age across the terminals of the pressure coil of flie watt ncM*. 
I« -current through current coil of watt meter. 

U —current through current cdl of ammeter. 

Rr — reristsnee of pressure odl of volt meter. 

R«— resietanee of p r eseure of watt meter. 

R*v-reeietanoe of cuirent coil of watt meter. 
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R« o^resistance of current coil of ammeter. 

Pw"*watt meter reading. 

P "power to be measured. 

With thid notation the losses in the vaxicm coils will be as 
follows: 

■■ loss in watts in pressure coil of volt meter. 

E*w*^Rw "loss in watts in pressure coil of watt meter. 

R^w "loss in watts in current coil of watt meter. 

R* "loss in watts in current coil of ammeter. 

If connections be made as in fig. 4,859, ttie correct power 
of the circuit will be 

Pw-(E*v-r*Ry+E*w-^Rw) in watts and £y"£w 

In fig. 4,860, 

P«Pw— E*w-^Rw, in watts 

In fig. 4,861| 

P"Pw— l*w R'w in watts 

or the correct power is the Ufott meter reading minus the loss in ike eurremi 
coil, of the watt meter. 

In fig. 4,862, 

P-Pw-(E*w-^Rw*f 1\R*) in watts 

The usual method of connection is either as in fig. 4,859 or 
fig. 4,860. 

In either case the current reading is that of the load plus the current in 
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the pressure coils of the volt meter and watt meter. Unless the ctnrent 
being meastired, however, be very small, or^extreme accuracy be desired* 
it is unnecessary to correct ammeter readings. 

In fig. 4 , 860 , a small error is introduced due to the fact that the actual 
voltage applied to the load is that given by the volt meter minus the €anall 
drop in voltage through the current coil of the watt meter. 

If an accurate measure of the current in connection with 
the power consumed by the load be required, the connections 
diiown in fig. 4,862 are used, and if extreme accuracy be 



PkG. 4,872. — ^Jewel two acale ftingle pha«e portable testing watt meter. The moving dement 
is effectively shielded from outside m^pietic fields by a special laminated coneuiictkm* 
The method of obtaining series and parallel readings is such as to avoid metal links. 


Motor Testing 


2,685 


required, the vvatt meter reading is reduced by the losses in 
the ammeter and in the inressure coil of the watt meter. 

The loss in the pressure coil of a watt meter or volt meter may be as 
as 12 or 15 watts at 220 volts. 

The loss in the current coil of a watt meter with 10 amperes flowing 
through it may be € or 8 watts. It can be easily seen that if the core or 
copper losses of small transformers are being measured, it is quite neces- 
sary to correct all watt meter readings for instrument losses. 

In measuring the losses of a 25 or 50 induction motor, the instni-^ 
ment losses may be neglected. 


WATTMETER ERROR FOR A LOAD OF 1,000 VOLT- AMPERES 
(For a lag of 1 degree in the pressure coil) 


factor 

True watts 

Btror 

Srtor of indi- 
cation in per 
cent, of tra 
value 

1. 

1,000 

.3 

0.03 

.9 

900 

7.6 

0.85 

Ji 



1.31 

•7 

700 

12.5 

1.78 

,6 


13.9 

2.32 

.5 


15.1 

3.02 

.4 

400 

15.9 

3.98 



16.6 

5.54 

.2 


17.1 

8.55 

.1 

100 

17.3 

1.73 


NOTE-— In the Iron vane tupe instrument when used as a watt ^ter, the curMt of the 
fi fty iiyg coil always remains in periect phase with the current of the circuit, provided aeries trails- 
fonners be not introduced. The error, then, is entirely due to the lag of the current in the 
pressure ooU, and this error in high power factor is exceedingly small, Increasi^ as the pom 
factor descrsaass. In the above table it should be noted that the value of the error w nis- 
tinguished from the per cent, of error, instead of indefinitely increasing as tlw power 
diminishes, rapidly attains a maximum value which is less than 2 per cent, of the pom a^v- 
ered under the same current and without inductance. It should also be not^that tbs abo^ 
tabulation is on the assumption of a lag of 1 depe^n ^essure ^ 

Wagner ioatrmnents for instance, is approxima^y .085 of a degree, and tha mror fl y M the 
lag of the pressure coil in Wagner instruments is, therefore, propOftlonaUy reduced nom tbs 
figures shown in the above tabulation. 
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Connections are seldom used which make it necessary to 
correct far the losses in the current coils of eith^ ammeter 
or watt meter, as the losses vary with the change in the current. 

On the other hand, the voltages generally used are fairly coritant at 
110 or 220. and when the losses of the pressure coils at these voltages 
have once been calculated, the necessary instrument correction can be read- 
ily made. 

Single Pluse Motor Teat. — In this method of measuring the 
input of a single phase motor of any type, the ammeter, volt 
meter and watt meter are connected as shown in fig. 4,873. 



Pig. 4,873. — ^Single phase motor test. 


The ammeter measures the current flowing through the motor, the 
volt meter the pressure across the terminals of the motor, and the watt 
meter the total power input to the motor. With the connections as shown 
the watt meter would also measure the slight losses in the volt meter and 
the pressure coil of the watt meter, but for motors of h,p, and larger, 
this loss is so small that it may be neglected. 

The power factor may be calculated by dividing the true 
watts as indicated by the watt meter, by the product of the 
volts and amperes. 

Three Phase Motor Tests.— There are several methods of 
testing three phase motors and known as 
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L Volt meter and ammeter method; 

2. Two watt meter method; 

3. Polyphase watt meter method; 

4. One watt meter method; 

5. One watt meter and Y box method, etc. 

These methods will now be given. 



PK»* 4374.*-Tliree phine motor test; eole mtttr and ammatar mathod. 


Volt Meter and Ammeter Method. — In this method of test* 
ing a three phase motor, if it be desired to determine the ap- 
proximate load on a three phase motor, this may be done by 
means of the connections as shown in fig. 4,874, and the cur- 
rent through one of the three lines and the voltage across the 
phase measured. 

If the voltage be approximately the rated voltage of the 
motor and the amperes the rated current of the motor (as 
noted on the name plate) it may be assumed that the motor 
is carrying approximately full load. 
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If, on the other hand, the ampules show much in exoeas oi* 
full load rating, the motor is carrying an overload. The heat 
generated in the copper varies as the square of the current. 
That generated in the iron varies anywhere frcan the 1.6 power, 
to die square. 

This method is very convenient if a watt meter be not 
available, although it is, of course, of no value for the deter* 
mination of the efficiency or power factor of the apparatus. 



Fio. 4,875. — ^Three pl^aae nK>i:or test; two watt mater method. 


This method gives fairl,^ accurate results, providing the load on tht' 

• three phases of the motor be fairly well balanced. If there be much dif- 
ference, however, in the voltage of the three phases, the ammeter should 
be switched from one circuit to another, and the current measured in each 
phase. If the motor be very lightly loaded and the voltage of the different 
phases vary by 2 or 3 per cent., the current in the thtee legs of the dreuit 
will vary 20 to 30 per cent. 

Two Watt Meter Metliod. — If an accurate test of a three 
phase motor be required, it is necessary to use the method as 
^own in fig. 4,875. Assume the mc^ .to be loaded with a 
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brake so that its output can be determined* This method 
gives correct results even with considerable unbalancing in the 
voltages of the three phases* 

With the connections as shown, the sum of the two watt meter read- 
ings gives the total power in the circuit. Neither meter by iteelf meas- 
ures the power in any one of the three phases. In fact, with light load 
one of the meters will probably give a negative reading, and it will then 
be necessary to either reverse its current or pressure le^ in order that 
the deflection may be noted. In such cases the algebraic sum of the two 
readings must be taken. In other words, if one read, plus 500 watts and 
the other, minus 300 watts, the total power in the circuit will be 500 
minus 300, or 200 watts. 

As the load comes on. the readings of the instrument which gave the 
negative deflection will decrease until the reading drops to zero, and it 
will then be necessary to again reverse the pressure leads on this watt 
meter. Thereafter the readings of both instruments will be positive, and 
the numerical sum of the two should be taken as the measurement of the 
load. 

If one set of the instruments be removed from the circuit, the reading 
of the remaining watt meter will have no meaning. As stated above, it 
will not indicate the power under these conditions in any one phase of 
the circuit. The power factor is obtained by dividing the actual watts 
input by the product of the average of the volt meter readings and the 
average of the current readings X 1.73. 

Polyphase Watt Meter Method* — This method of testing a 
three phase motor is identical with the two watt meter method 
diown in fig. 4,875, except that the watt meter itself com- 
bines the movement of the two watt meters. Otherwise the 
method of taking the measurements is identical. If the power 
factor be known to be less than 50 per cent., connect one move- 
ment so as to give a positive deflection; then disconnect move- 
ment one and connect movement two so as to give a positive 
deflection. Then reverse either the pressure or current leads 
of the movement, giving the smaller deflection, leaving the 
remaining movement with the original connections. 
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The readings now obtained will be the correct total watts ddivered to 
the motor. If the power factor be known to be over 50 per cent*» the 
same methods should be employed* except that both movements should 
be independently connected to give positive readings. 

An unloaded induction motor has a power factor of less than 50 per cent.* 
and may, therefore, be used as above for determining the correct con- 
nections. For a better xmderstanding of the reasons for the above method 
of procedure, the explanation of the two watt meter method, fig. 4,875, 
should be read. 


The power factor may be calculated as explained under fig 
4,875. Connect as shown in fig. 4,875. 



The following check on connections may be made. Let the polyphase 
induction motor run idle, that is, with no load. The motor will then 
operate with a power factor less than 50 per cent. The polyphase meter 
should give a positive indication, but if each movement be tried sep- 
arately one will be found to give a negative reading, the other movement 
will give a positive reading. This can be done by disconnecting one of 
the pressure leads from the binding post of one movement. When the 
power factor is above 50 per cent., then both movements will give positive 
defection. 

One Watt Meter Method.— This method is equivalent to 
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the two watt meter method with the following difference. A 
single volt meter (as shown in fig. 4,876) with a switch A, can 
be used to connect the volt meter across either one of the two 
jdiases. Three switches B,C and D, are employed for chang- 
ing the connection of the ammeter and watt meter in either 
one of the two lines. 

With the switches B and D, in the position shown, the ammeter and 
watt meter series coils are connected in the left hand line. The switch 
C, must be closed under these conditions in order to have the middle 
line closed. 



Another reading should then be taken before any change of load has 
occurred, with switch A, thrown to the right, switch B, closed, switch D, 
thrown to the right and switch C, opened. The ammeter and the cur- 
reT\t coil of the watt meter will then be cormected to the middle line of 
the motor , In order to prevent any interruption of the circuity the switches 
B,D and C, should be operated in the order given above. 

With very light load on the motor the watt meter will probably give 
n negative deflection in one phase or the other, and it will be necessary 
to reverse its connections before taking the readings. For this puipo^ 
a double pole, double throw switch is sometimes inserted in the arcuit 
of the pressure coil of the watt meter so that the indications can be re^ 
ver^ without disturbing any of the connections 
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It is suggested, before undertaking this test, that the in* 
structions for test by the two watt meter and by the poly- 
phase watt meter methods be read. 

One Watt Meter with Y Box Method. — ^This method, as 
shown in fig. 4,877, is of service only provided the voltages 
of the three phases be the same. 


A slight variation of the voltage of the different phases may cause a 
very large error in the readings of the watt meter, and inasmuch as the 
voltage of all commercial three phase circuits is more or less unbahmced. 



Pig. 4 , 878 .— ‘Test of three phase motor with neutral brought out; onm tt/att m^imrmmthodL 


this method is not to be recommended for motor testing. With balanced 
voltage in all three phases, the power is that indicated by the watt meter, 
multiplied by three. Power factor may be calculated as before. 


Test of Three Phase Motor with Neutral Brought Out. — 
This test as shown in fig. 4,878, employs a single watt meter. 
Some star connected motCHS have the connection brought out 
from the neutral of the winding. In this case the circuit may 
be connected, as shown in fig. 4,878. 
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Tlie volt meter now measures volta^ between the neutral and one oi 
the lines* and the watt meter the power in one of the three phases of the 
motor. Therefore, the total power taken by the motor wiU be three times 
the watt meter readings. By this method, just as accurate results can 
be obtained as with the two watt meter method. 

fhe power factor will be the indicated watts difided by the product of Urn 
Stdicrtid amperes and voUs. 


TeMjpentiire Test of m Large Three Phase Induetioii Motor* 
-In this method as shown in fig. 4,879> two motors, prefer- 


THRtE PHASE 
LtHE 



Fm. 4,879. — ^Temimtiire test of a large three phaM induction motor. 


ably of the same size and type, are required. One is drivm 
as a motor and. runs slightly below synchronism, due to its 
slip when operating with load. This motor is belted to a sec- 
ond machine. If the pulley of the second machine be stnaller 
than the pulley of the first machine, the second machine will 
then operate as an alternator and will return to the line as 
much power as the first motor draws from the line, less Uie 
losses of the second machine. 
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By properly selecting the ratio of pulleys, the first machine can be 
caused to draw full load current and full load energy from the line. In 
this way, the total energy consumed is equivalent to the total of the losses 
of both machines, which is approximately twice the losses of a single 
machine. 

Fig. 4,879 shows the connection of the watt meiers, without 
necessary switches, for reading the total energy by two watt 
meter method. Detailed connection of the watt meter is 
shown in fig. 4,876. 



Pio. 4,880. — ^Alternator excitation or raagnetUation curve test. 

It is uiual, in making temperature teats, to insert one or more ther- 
mometerB in what is Opposed to be the hottest part of the winding, one 
on the surface of the lamins and one in the air duct between the iron 
laminae. The test should be continued nntU the difference in temperature 
between any part of the motor and the air reaches a steady value. The 
motor should then be stopped and the temperature of the armature also 
measured. 

UO'fE. — TempmraUir^ tesla o/ small iftdmeHon moiarn are tiaually made en small 
fndttcdon motora by beltins the motor to a geacntor and lending the generator with* a lamf» 
h— ik or resistanoe until the motor input is equal to the full load. It, however, the motor be 
of coosidenfttttt eiae, euth that the cost of power b sco m e e a conaiderable item in the Oost ol 
testing, the method shows an fig. 4.879 may be uasd. 

— jTor lAe aga^proMef meiAed of taking temperature readinga and interpietioiir 
results, see SirntdarditoHon RuUt of the AJ££, 
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^teraator Ezeitatfim or Magaetization Curve Teat. — The 

object of this test is to determine the change of the armatuia 
voltage due to the variatitm of the field current when the ex- 
OTcuit is kept As shown in fig. 4,880, the field 

circuit is connected with an anuneter and an adjustable re- 
sistance in senes with a direct current source of supply. 


The adjustable resistance is varied, and readings of the volt 



across the armature, and of the ammeter, are recorded. The speed of the 
generator must be kept constant, preferably at the speed which is given 
on the name plate. The excitation or magnetization curve of the ma- 
chine is obtained by plotting the current and the voltage. 


Three Phase Alternator Synchronous Impedance Test. — In 
determining the regulation of an alternator, it is necessary to 
obtain what is called the synchronous impedance of the ma- 
chine- 
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To obtain this, the field is connected, as shown in fig. 4,881. Volt 
meters are removed and the armature short circuited with the ammeters 
in circuit. The field current is then varied, the armature driven at syn- 
chronous speed, and the armature current measured by the ammeters in 
circuit. Tlie relation between field and armature amperes is then plotted. 

The combination of the results of this test, mth those ob- 
tained from the excitation or magnetization curve test shown 
in fig. 4,880, are used in the determination of the regulation 
of an alternator. 

Engineers differ widely in the application of the above to the determina- 
tion of regulation, and employ many empirical formulae and Constanta 
for different lines of design. 


Three Phase Alternator Load Test. — By means of the con- 
nection shown in fig. 4,881, readings of armature current and 
field amperes can be obtained for any desired load. 

The field current can be varied also so as to maintain constant arma- 
ture voltage irrespective '»f load; or the field current may be kept con- 
stant and the armature voltage allowed to vary as the load increases. 


The connections may also be used to make a temperature 
test on the alternator by loading it with an artificial load. 

In some cases after the alternator is installed the connection may be 
xised to make a temperature test, using the actual commercial load the 
alternator is furnishing. 


Three Phase Alternator or Synchronous Motor Temperature 
Test. — In this test, as shown in fig. 4,882, two alternators or 
synchronous motors of same size and type are used, and are 
belted together, one to be driven as a synchronous motor and 
the other as an alternator. The method employed is to syn- 
chronize the synchronous motor with the alternator or alter- 
nators on the three phase circuit, and then connect to the 
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line by means of a three pole single throw switch. The alter- 
nator is then similarly synchronized with the alternator of the 
three phase circuit and thrown onto the line. 

By varying the field of the alternator it can be made to carry approx- 
imately load, and the motor will then be also approximately fully 
loaded. The usual method is to have the motor carry slightly in excess 
of full load, and the alternator slightly less than full load. Under these 
conditions the motor will run a little warmer than it should with normal 
load, while the alternator will run slightly cooler. 



FiC. 4,882. — ^Tli«e phase alternator or synchronous motor temperature test; Hret method. 


Temperature measurements are made in the same way as 
discussed under three phase motors. 


The necessary ammeters, volt meters and watt meters for adjusting the 
loads on the motors and alternator are shown in above figure. If pulleys be 
of sufficient size to transmit the full load, with, say one per cent, slip, 
the pulley on the motor should be one per cent, larger in diameter than 
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the pulley on the alternator, so as to enable the alternator to remain in 
synchronism and at the same time deliver power to the circuit. 

With very large machines under test, it is inadvisable to use the above 
method as it is sometimes difficult to so adjust the pulleys and belt ten- 
sion that the belt slip will be just right to make up for the difference in 
diameter of the pulleys, and very violent flapping of the belt results. To 
meet such cases, various other methods have been devised. One which 
gives consistent results is described as follows: 



Fto. 4 , 883 .— Three phase alternator or synchroncms motor temperature teat; aaeomf method. 


In this method, supply the held with normal held current. The arma- 
ture is connected in open delta as shown in hg. 4,883, and full load current 
sent through it from an external source of direct current, care being taken 
to ground one terminal of the dynamo so as to avoid danger of shock 
due to the voltage on the armature winding. The held is then driven 
at synchronous speed. 

If the armature be designed to be connected star for 2,300 volts, the 
voltage generated in each leg of the delta will be 1,330 volts, and i^ess 
one leg of the dynamo be grounded, the tester might receive a severe shock 
by coming in contact with the direct current circuit. The insulation of 
the dynamo would also be subjected to abnormal strain unless one ter- 
minal were grounded. By the above method the held is subjected to its 
full copper loss and the armature to full copper loss and core loss. Tern-* 
perature readings are taken as per standardization rules of the A.1.BX. 
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This i^ethod may also be used with satisfactory results on large three 
phase motors of the wound rotor type. If the alternator pressure be 
above 600 volts, a pressure transformer should be used in connection with 
the volt meter. 


TEST QUESTIONS 

1 . Draw diagrams showing the various ways of connect- 

ing instruments for power measurements. 

2. How are instrument losses calculated for small hods? 

3. In what kind of test may the instrument losses be 

neglected? 

4. When an iron vane type instrument is used as a ivatt 

meter, explain the action of the current in the series 
coil. 

Explain in detail the method and calculations employed 
in making the following tests: 

5. Single phase motor test. 

6. Three phase motor test, 

7. Vok meter and ammeter method. 

8. Two watt meter method. 

9. Polyphase watt meter method. 

10. One watt meter with Y box method. 

1 1 . Test of three phase motor with neuO’cU brought out. 

1 2 . Temperature test of aiarge three phase induction motor, 

13. Temperature test of smatt induction motors. 

14. Approved method of taking readings. 

15. Alternator excitation or magnetization curve test. 
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16. Three phase alternator synchronous impedance test. 

17. Three phase alternator bad test. 

18. Three phase alternator or synchronous motor tem- 

perature test. 
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Useful luformatioii 

To find the ^rcumference of a circle, multiply the diameter by 3.1416. 

To find the diameter of a circle, multiply the circumferenee by ,31331. 

To find the area .of a circle, multiply the square of the diameter 
by .7854. 

The radius of a circle X 6.283183 * the circumference. 

The square of the circumference of a circle X .07958 the area. 

Half the circumference of a circle X half its diameter » the area. 

The ctrcomference of a circle X .159155 the radius. 

The square root of the area of a circle X .56419 » the radius. 

The square loot of the area of a circle X 1.12838 ■■ the diameter. 

^ To find the diameter of a ^rcle equal in aurea to a given square, mul- 
)dply a side of the square by 1.12838. 

To find the side of a square equal in area to a given circle, multinly 
the diameter by .8862. 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071, 

To find the side of a hexagon inscribed in a circle, multiply the diam- 
eter of the circle by .500. 

To find the diameter of a circle inscribed in a hexagon, multiply a 
aide of the hexagon by 1.7321. 

To find the side of an ecfuilateral triangle inscribed in a circle, mul- 
tiply the diameter of the circle by .866. 

To find the diameter of a circle inscribed in an equilateral triangle, 
multij^y a side of the triangle by .57735. 

To find the area of the surface of a ball (sphere), multiply the square 
of the diameter by 3.1416. 

To find the volume of a ball (sphere), multiply the cube of the diam- 
etcr by .5236. 

Doublmg the diameter of a pipe increases its capacity four timea. 

To find the pressure in pounds per square inch at the base of a oolumn 
of water, multiply the height of the ocMumn in feet by .433. 

A gallon of water (U. S. Standard) weighs 8.336 pounds and con tai n s 
231 cubic inches. A cubic foot of water contains 7^ gallons, 1728 cufaio 
and weifldic 62.425 pounds at a temperature of aboul 39* r • 

Theac wdl^ta change sightly above and below this temperaiura. 


ft xj!f. 
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In accordance wi in the standard practice approved, by the American 
Standards Association, the ratio 25.4 mm » 1 inch is' used for convert* 
ing millimeters to inches. This factor varies onlv two millionths of an 
inch from the more exact factor 25.40005 mm, a aiflerence so small as to 
Im negligible for industrial length measurements. 

Metric Measures 

The metric unit of length is the meter » 39.37 inches. 

The metric unit of weight is the gram » 15.432 grains. 

The following prefixes are used for sub-divisions and multiples: 
Milli = Centi = iJ®, Deci « Deca « 10, Hecto * 100, Kilo 
» 1000, Myria 10,000. 


Metric and English Equivalent Measures 


Metric 
1 meter 
.3048 meter 
1 centimeter 
2.54 centimeters 
1 millimeter 
25.4 millimeters 
1 kilometer 


MEASURES OF LENGTH 

English 

39.37 inches, or 3.28083 feet, or. 1.09361 yards 
1 foot 
.3937 inch 
1 inch 

.03937 inch, or nearly 1-25 inch 
1 inch 

1093.61 yards, or 0.62137 mile 


Metric 
1 gram 
.0648 gram 
28.35 grams 
1 kilogram 
•4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 


} 

} 


English 
15.432 grains 
1 grain 

1 ounce avoirdupois 
2.2046 pounds 
] pound 

f.9842 ton of 2240 pounds 
^ 19.68 cwl. 

[2201.6 pounds 

1 ton of 2240 pounds 


MEASURES OF CAPACITY 


Metric 


1 liter ( « 1 cubic decimeter) 


28.317 liters 
3.785 liters 
4.543 liters 


English 

’61.023 cubic Inches 
^ .0.3531 cubic foot 
' .2642 gal. (American) 

2.202 lbs. of water at 62® F. 
1 cubic foot 
1 gallon (American) 

I gallon (Imperial) 
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Englith Conversioii Table 

Lmgih 


Iiidbet X 

laidbat X 

Inciiei X 

Fert X 

FWt X 

Yerdi X 

Yeidi X 

Yaidf X 

Mikf X 

Mikt X 

Biilee X 

Ciicumferenoe of circle X 

Diuneter of drde X 

Atm 

Sqiieie inches X 

Sqoere inches X 

Square feet X 

Square feet X 

Square yards X 

Sifuare yards X 

Dui. of circle squared X 

Dia. of sphere squared X 

Fofums 

Cubic indies X 

Cubic iudies X 

Cubic indies X 

Cubic feet X 

Cubic feet X 

Cubic feet X 

Cubic yards X 

Cubic yards X 

Dia. of sfdiere cubed X 

Grains (avoirdupois) X 

Ounces favoirdupm) X 

Ounces (avoirdupois) X 

Pounds (avoirdupois) X 

Pounds (avoirdupm) X 

Pounds (avoirdupois) X 

Tons (avoirdupois) X 

Tons (avoirdupois) X 


.0833 

- feet 

.02778 

yv ds 

.00001578 


.3333 

■■ yards 

.0001804 

" miles. 

36.00 

inchcl 

3.00 

•- feet 

.0005681 

miles 

63360.00 

« inches 

5280.00 

— feet 

1760.00 

— yards 

.3188 

« diameter 

3.1416 

circumference 

.00634 

■i square feet^ 

.0007716 

■■ square ^ards 

144.00 

square inches 

.11111 

■B square ^ards 

1236.00 

■■ squase inches 

3.00 

» square feet 

.7854 

• area 

3.1416 

>■ surface 

.0005787 

■■ cubic feet 

.00002148 

\m cubic 3 'ards 

.004323 

U. S. gallons 

1728.00 

iB cubic inches 

.03704 

iB cubic yards 

7.4805 

iB U. S. gallons 

46656.00 

>■ cubic inches 

27.00 

■i cubic feet 

.5236 

m yolume 

.002286 

m ounces 

.0625 

■B pounds 

.OOOOSIU- tow 

16.00 

Bi ounces 

.01 

m hundredwei^t 

.0005 

-■ tons 

32000 00 

Bi ounces 

fOOO.OO 

m pounds 
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EnglUb Convenloti Table 

Energy 


Hortepower 

X 

33000. 

••ft.-lbs. per min. 

B. t. u. 

X 

778. «6 

-rt.4be. 

Too of refrigeration 

X 

200. 

■iB. t. u. per min. 

Pressure 

Ubs. per sq. in. 

X 

2.31 

«« ft. of water (60®F.) 

Ft xif water (60®F.) 

X 

.433 

BB lbs. per sq* in. 

Ins. of water (60®F.) 

X 

.0361 

a lbs. per sq. in. 

Lbs. per sq. in. 

X 

27.70 

a ins. of water (60®P.) 

Lbs. per sq. in. 

X 

2.041 

a ins. of Hg. (60^F.) 

Ins. of Hg (60*’F.) 

X 

.400 

a lbs. per sq. in. 

Power 

Horsepower 

X 

746. 

a watts 

Watts 

X 

.001341 

a horsepower 

Horsepower 

X 

42.4 

a B. t. u. per min. 


Water Faetore (et point of greatest density— SS-S^F) 


Miners inch (of water) 

X 

8.976 

n U. S .gals, per min. 

Cubic inches (of water) 

X 

.57798 

a ounces 

Cubic inches (of water) 

X 

.036124 

B* pounds 

Cubic inches (of water) 

X 

.004329 

» U. S. Mllons 

Cubic inches (of water) 

X 

.003607 

B English gallons 

Cubic feet (of water) 

X 

62.425 

B pounds 

Cubic feet (of water) 

X 

.03121 

B tons 

Cubic feet (of water) 

X 

7.4805 

» U. S. gallons 

Cubic feet (of water) 

X 

6.232 

B English gallons 

Cubic foot of ice 

X 

57.2 

B pounds 

Ounces (of water) 

X 

1.73 

B cubic inches 

Pounds (of water) 

X 

26.68 

B cubic inches 

Pounds (of wateY) 

X 

.01602 

= cubic feet 

Pounds (of water) 

X 

.1198 

B U. S. gallons 

Pounds (of water) 

X 

.0998 

B English gallons 

Tons (of water) 

X 

32 04 

B cubic feet 

Tons (of water) 

X 

239.6 

B U. S. gallons 

Tons (of water) 

X 

199.6 

B English gallons 

U. S. gallons 

X 

231.00 

B cubic inches 

U. S. gallons 

X 

. 13368 

B cubic feet 

U. S. gallons 

X 

8.345 

» pounds 

U. S. gallons 

X 

.8327 

» English gallons 

U. S. gallons 

X 

3.785 

« ‘liters 

English gallons (Imperial) 

X 

277.41 

B cubic inches 

English gallons (Imperial) 

X 

.1605 

* cubic feet 

English gallons (Imperial) 

X 

10.02 

» pounds 

English gallons (Imperial) 

X 

1 201 

B U. S. gallons 

English gallons (Imperial) 

X 

4 546 

» liters 
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Metric CoiiTeraloii Table 


Millimeteri 

X 

.03937 

■i inches 

MUUmeten 

-1- 

25.4 

inches 

Cendkneteti 

X 

.3937 

» inches 

Centimeters 

4- 

2.54 

-* indies 

Metert 

X 

39.37 

« inches (AcL Cong.) 

Meters 

X 

3.281 

- feet 

Meters 

X 

1.0936 

«■ yards 

KUometera 

X 

.6214 

a* miles 

Kilometers 

4- 

1.6093 

« miles 

Kilometers 

X 

3280.8 

« feet . 

Area 

5q. Millimeters 

X 

.00155 

-■ sq. in. 

Sq. Millimeters 

4- 

645.2 

» sq. in. 

Sq. Centimeters 

X 

.155 

» sq. in. 

Sq. Centimeters 

4- 

6.452 

sq. in. 

Sq. Meters 

X 

10.764 

- sq. ft. 

Sq. Kilometers 

X 

247.1 

» acres 

Hectsres 

X 

2.471 

» acres 

Volume 

Cu. Centimeters 

4- 

16.387 

— cu. in. 

Cu. Centimeters 

4- 

3.69 

» fl. drs. (U.S.P.) 

Cu. Centimeters 

4- 

29.57 

» fl. oz. (U.S.P.) 

Cu. Meters 

X 

35.314 

■■ cu. ft. 

Cu. Meters 

X 

1.308 

cu. yards 

Cu. Meters 

X 

264.2 

a gals. (231 cu. in.) 

Litres 

X 

61.023 

a cu. in. (Act. Cong.) 

Litres 

X 

33.82 

a fl. oz. (U.S,P.) 

Litres 

X 

.2642 

a gals. (231 cu. in.) 

Litres 

4- 

3.785 

a gals. (231 cu. in.) 

Litres 

4- 

28.317 

a cu. ft. 

Hectolitres 

X 

3.531 

— cu. ft. y 

H^tolitres 

X 

2.838 

a bu. (2150.42 cu. in.) 

Hectolitres 

X 

.1308 

a cu. yds. 

Hectolitres 

X 

26.42 

a gals. (231 cu. in.) 

Weiekl 

Grsms 

X 

15.432 

a grains (Act. Cong.) • 

Grams 

4- 

981. 

a dynes 

Grams (water) 

Grams 

4- 

4- 

29.57 

28.35 

a fl. oz. 

a oz. avoirdupois 

KUo^Krama 

X 

2.2046 

« lbs. 
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Metric Conversion Table (Cent.; 


Weight 

Kilo’grams 

X 

35.27 

— oz. avoirdupois 
tons (20(X) lbs.) 

KilO'^rams 

X 

.0011023 

Tonneau (Metric ton) 

X 

1.1023 

» tons (2000 lbs.) 

Tonneau (Metric ton) 

X 

2204.6 

lbs. 

Unit Weight 

Grams per cu. cent. 

+ 

27.C8 

e lbs. per cu. in. 

Kilo per meter 

X 

.072 

lbs. per ft. 

Kilo per cu. meter 

X 

.00243 

*5 lbs. per cu. ft. 

Kilo per Cheval 

X 

2. 23.3 

** lbs. per h. p. 

Grams per liter 

X 

.00243 

« lbs. per cu. ft. ’ 


Pressure 

Kilo*grams per sq. cm. 

X 

14.223 

a? lbs. per sq. in. 

Kilo-grams per so. cm. 

X 

32 843 

35 ft. of water (00®F.) 

Atmospheres (internal ioTisl) X 

14.090 

K lbs. per sq. in 


Energj/ 

Joule 

X 

.7370 

« ft. lbs. 

Kilo-gram meters 

X 

7.233 

» ft. lbs. 


Power 
Cheval vapeur 

X 

.9803 

h. p. 

Kilo-watts 

X 

1.341 

« h. p. 

Watts 


740. 

« h. p. 

Watts 

X 

.7373 

» ft. lbs. 


MUcellatieous 
Kilogram calorie 

X 

3.068 

a B. t. U. . 

Standard gravity 


980.665 

a centimeters per see. 

(Sea level 45^ lat.) 
Frigories/hr. (FVench) 

4- 

8028.9 

per sec. 

a Tons refrigmtioD 
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